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INTRODUCTION 
Plant .tissue culture is a collection of experimental data of 
growing large number of isolated cells or tissues under sterile and 
controlled conditions. 
The history of development of tissue culture techniques is 
not very old. Haberlandt (1902) was the first to cultivate isolated 
plant cell in vitro. Since then, subsequent work has been done in 
this field with the key aspect of regenerating plants at a higher 
frequency. In vitro propagation involves cell culture system of a 
range of explant and mostly micropropagation is achieved from 
organized tissues by multiplication of meristems and axillary buds. 
In many cases it provides an opportunity to maintain the 
propagation system in order to produce a large number of plants 
from a single clone. Plant regeneration from leaf, shoot and stem 
segments has yield encouraging results in medicinal plants like, 
Psidium guajava (Jaiswal & Amin, 1987), Ephedra fragilis 
(O'Dowd & Richardson, 1993), Aristolochia bracteolata 
(Remeshree et.al, 1994), Catharanthus roseus (Mujib et.al, 1995) 
Plumbago rosea (Harikrishnan & Hariharan 1996), Withania 
somnifera (Abhyankar & Chinchanikar, 1996), Kaempferia rotunda 
(Anand et.ai, 1997) and many others. Plant cell culture is of great 
importance for improvement of medicinal plants. Complete plants 
have been regenerated from callus cultures, excised anthers and 
isolated protoplasts of many medicinal and aromatic plants. The 
exploration of tissue culture techniques in medicinal plants for the 
extraction of important chemical compounds (Tabata 1977) is 
indeed desirable. 
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The various areas of the application of tissue culture technology 
are as follows: 
• Micropropagation 
• Conservation through cryopreservation 
• Bioproduction of value added secondary metabolites 
• Biotransformation of bioactive molecules 
• Genetic upgradation for improvement 
• Somatic hybridization 
• Somaclonal variations 
• Transgenic plants 
The only limiting factor in commercialization of large number of 
medicinal plants has been the cost of cultivation. As for other 
annual/ biennial crops per acre requirement of planting material is 
very large, cost of propagule is of major concern. 
Tissue culture can thus be adopted for, 
• Species that are difficult to regenerate by conventional 
methods and the only way to save them from extinction is to 
propagate them by tissue culture. 
• Species where population was decreased due to ever 
exploitation and thus initial bulking of the stock can be 
taken up by tissue culture. 
• Species, which show lot of variability in terms of the active 
principle with medicinal properties. Tissue culture of 
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selected clones will help in sustainable harvest and fetching 
better prices both in the domestic and international market. 
• Plants with medicinal properties can be identified based on 
their potential of yielding higher amount of active principle. 
1.1 Botanical description: 
1.1.1 Scoparia dulcis Linn. [Fam. Scrophulariaceae] 
Scrophulariaceae is a fairly large family containing about 
210 genera and neai'ly 300 species. Family is almost cosmopolitan 
in distribution but the representatives are very well developed in 
temperate regions of both the hemispheres. In India, they are 
extremely common on the hills. 
Scoparia a small genus of shrub and herbs chiefly found in 
tropical America. Single species Scoparia dulcis Linn, occurs in 
India. It is a herbaceous plant growing upto 90cm high introduced 
into India within the last hundred years, commonly found as a 
weed, particularly in Bengal and Tamilnadu. It is small, erect, 
slender herb with serrate margined ovate leaves. Flowers small, 
white, solitary or binate. Calyx small, 4-5 partite, the lobes 
imbricate. Corolla rotate, 4- lobed, obtuse subequal. Stamens are 4 
and ovary with many ovules. At each node, small coriander- like 
fruits are produced. Fruit is small globose or ovoid. Seeds many 
angled, scrobiculate. 
1.1.2 Medicinal importance: 
There are not many plants in this family that are of economic 
value. Many of them are ornamental plants largely grown in 
gardens and homes. Some are of medicinal importance; Scoparia 
INTRODUCTION 
clulcis is one of them. Scoparia dulcis, commonly known as 
'mithipatti' has a wide range of medicinal value. An infusion of the 
leaves is used in fever, cough and bronchitis, and a gargle for 
toothache. A hot infusion is a diuretic and a cold decoction of the 
plant is used against gravel and kidney complaints. An infusion of 
roots, leaves and tops is useful in diarrhoea and dysentry. 
All parts of the plant are useful as emetic. An infusion of 
seeds obtained by soaking them in water overnight is a cooling 
drink. An antidiabetic compound 'amellin' has been reported in the 
leaf and stem of the fresh green plant. Oral administration of 
amellin is reported to relieve symptoms of glycosuria, reduce 
hyperglycaemia and increase RBC count. It has also been found to 
be helpful in anaemia, albuminuria, ketonuria, retinitis and other 
complications associated with diabetes mellitus. Unlike insulin, 
amellin does not cause blood sugar levels to drop below normal, 
and reduction of both blood and urine sugar occurs gradually. 
Amellin is reported to raise the lowered alkali reserves in 
diabetes, and reduce iron content of serum and of acetone bodies 
in blood. It also prevents tissue wastage and cause better 
utilization of dietary protein. Fat in adipose tissue is reduced by 
amellin administration and wound healing is promoted. According 
to some workers, no hypoglycaemic compounds are present in the 
extracts obtained from dry plant material, and the changes 
observed on administering the various fractions are all within the 
normal variations in blood sugar. 
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1.2 Table.I Chemical Const i tuents present in different par t s of 
Scoparia dulcis. 
S.No. 
1. 
2. 
3. 
4. 
4% viscous 
fluid 
Dulcilol 
Scoparol 
Mannitol 
Glucose 
AERIAL PARTS 
Fatty 
acids 
Stearic 
Myristic 
Linolenic 
Unsaponifable 
matter 
Tritriacontane 
Dulcilol 
B-sitosterol 
Dulcilone 
UNDERGROUND PAurs 
Root 
Mannitol 
Tannins 
Triterpene 
Traces of 
alkaloids 
(Un-
identified) 
Root Bark 
Hexasonal 
B-sitosterol 
Mannitol 
1.3 Botanical description: 
1.3.1 Sansevieria zeylanica [Fam. Agavaceae] 
This is a small family with 20 genera and about 670 species 
being distributed mostly in tropical and subtropical regions. 
Member of this family are mostly perennial herbs presenting by 
means of underground tunicated bulbs or rarely by rhizomes and 
show well marked xerophytic characters. Mostly found in hotter 
parts; 4 genera and 15 species are found in India. Few members 
are included in family Amaryllidaceae. 
Sansevieria zeylanica (Linn.) Willd. is one of the members 
belonging to the same family and have got both the ornamental 
and medicinal significance. It is a stout fibre-yielding shrubby 
plant with ensiform, semiterete, spotted furrowed leaves and lilac 
flowers, planted in many areas of the country as an ornamental 
shrub. 
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1.3.2 Medicinal importance: 
Sansevieria zeylanica commonly known as 'Murba' have 
enormous medicinal importance. Roots and rhizomes are purgative 
tonic, expectorant and febrifuge, and used in the treatment of 
blood disorder, heart diseases, fever, rheumatism, glandular 
enlargements, gonorrhea, leprosy and itch. 
1.3.3 Chemical Constituents 
Leaves of Sansevieria zeylanica contain saponins and 
acotinic acid. Roots and rhizome contain an alkaloid, sansevierine, 
resins and starch. Leaves also contain reducing sugar and 
inorganic salts. Salicylic acid and fructose are also present in the 
plant. 
Although very little work has been done on tissue culture 
aspects of these families Scrophulariaceae and Agavaceae but the 
overall survey reports that no attempt has been made on 
micropropagation of Scoparia dulcis and Sansevieria zeylanica 
both of which are medicinally importance plants. Inorder to fully 
convert the potential of our medicinal plants into economic wealth 
a very active research and developmental programme is required. 
The programme was to cover all aspects relating to the species 
from collection to utilization. Only developing a protocol through 
tissue culture techniques can facilitate large-scale production of 
the plant for the extraction of valuable compounds. These 
techniques can be reported to as botanical laser whose numerous 
uses are now well understood and still have numerous unknown 
importances for full exploitation. 
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In the present investigation in vitro work has been done both 
under normal and salt stress conditions. Soil salinity is mostly 
found detrimental to plant productivity (Clark 1992). In vilro 
selection of plants in salt stressed culture medium is a potential 
tool to raise plants tolerant to saline environment (Tal, 1984, 
Rains 1989, Collin & Dix 1990, Chopra & Narsimhulu 1991). 
Considering the importance of Scoparia dulcis and Sanseviena 
zeylanica in medicinal sphere an attempt has been develop a 
protocol for callus induction and multiple shoot regeneration 
through leaf and nodal explants. This protocol can be used for 
conservation of germplasm can be cultured in vitro to get the plant 
material as and when needed. 
Furthermore, the protocol standardized in this overall 
investigation can be used in pharmaceutical industries for the 
extraction of desired drugs. 
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The present chapter deals about the earlier work done in the 
field of tissue culture in general, and particularly of medicinal 
plants. The beginning of 19^'' century was on era when the leaf 
culture studies also took a scientific turn and many devoted 
workers in this particular field proved successful and opened up 
new avenues for betterment of existent plant species. Similarly 
stem parts (nodes and internodes) were also being cultured and 
remarkable results were obtained. 
Haberlandt (1902) reported plant cells are "tituoitebt" i.e. 
isolated cells, if given the proper environment and nutrition has 
the capacity to regenerate into complete plants. Studies of Skoog 
and Miller (1957) put forward the hypothesis that organogenesis 
is controlled by the balance between cytokinin and auxin. 
However, Thorpe (1980) further advanced the hypothesis that the 
endogenous auxin- cytokinin in balance is the key factor in the 
initiation of organogenesis. 
DeBruyn et. al., (1992) tested different plant parts of 
Amaryllis belladona for in vitro propagation. The twin- scale 
explants had the highest multiplication rate on BAP (22.2nM) + 
NAA (0.54 ^M). 
Baturaj and Gunasekaren (1993), regenerated plantlets 
from the nodal segments of Tecoma stars on MS revised rooted 
well when cultural on MS + lAA and were successfully transferred 
to the soil. Similarly O'Dowd et. al., (1993) obtained formation of 
adventitious bud from internodal explants of Ephedra fragilis 
using modified MS medium supplemented with BAP (5.0-
lO.O^M), 2,4-D (2.5-5.0^M) and sucrose (3%) whereas, Kn and 
zeatin did not stimulated adventitious bud formation. Remeshree 
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et. al., (1994) reported that nodal explants of Aristolochia 
bracteolata showed a greater frequency of shoot bud 
differentiation on MS basal medium with combination of BA (8.8-
22.2nM), Kn ( 4 . 6 - 7 . 2 H M ) and lAA (2.6- 5.7^M) while root 
induction from these shoots showed significant enhancement when 
BA concentration was kept constant (22.2^M) but Kn (4.6- 23|iM) 
and lAA was increased (2.6- 5.7^M). 
Dobos et. al., (1994) cultured both leaf and stem explants of 
Sempervivum teclorum on MS and White's basal medium 
supplemented with BA (4.4- 8.8 ^M) + lAA (0.57 |.iM) to produce 
calli. Shoot organogenesis from these calli was obtained on 
medium containing BA (2.2|aM) + lAA ( l . ^ i M ) or IBA (2.5nM) 
and reported that White's medium was not suitable for raising .S'. 
teclorum in vitro. 
Stanilova et. al., (1994) studied the morphogenetic potential 
of Leucojum aestivum and Lilium rhodopaeum. Leaves Leucojum 
aestivum and basal parts of the bulb in Lilium rhodopaeum possess 
the highest regeneration activity. MS basal medium supplemented 
with Imgr ' BAP + Kn (1 mgl' ') and LS + NAA (0.5 mgl"') + Kn 
(0.1 mgl' ') proved best for direct organogenesis from these 
explants. Remeshree et. al., (1997) also observed the effect of BA 
and NAA on stem explants of Aristolochia bracteolata. Best 
callusing was obtained on the medium containing 1-4 mgl' ' BA. 
Bud and leaf initiation from the callus was achieved within 40 
years of culture on MS + BA (2 mgl"') and NAA (0.5- 2 mgl' ') . 
Usha and Swamy (1995) obtained more number of multiple 
shoots on a broad range of concentrations of lAA, 2,4-D, NAA, 
BAP and Kn in Artemisia pallens. MMS + NAA (Imgl"') + BAP 
(O.Smgl"') induced proliferation of more callus and MS + Kn (1 
mgl' ) induced numerous multiple shoots. Medium supplemented 
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with NAA (1 mgl"') developed more number of roots in viiro. 
However, Mujib et. al., (1995) used leaf explants of Catharanthus 
roseus to obtain fast growing callus on MS medium fortified with 
BAP (1 mgl"') or BAP (0.5 mgl"') + NAA (0.5 mgl ' ' ) . 
Abhyankar and Chinchanikar (1996) investigated the 
responses of leaf discs of Withania somnifera on MS medium 
supplemented with lAA, Kn and BA in various concentration. The 
leaf discs showed direct shoot regeneration from margins on MS 
medium augmented with lAA (0.4mgr ' ) + Kn (0.3mg"') -+ BA 
d.Omg-') . . 
Harikrishnan and Hariharan (1996) obtained direct shoot 
multiplication from supplied with a range concentration of BAP 
and lAA. In combination of BAP (1.5 mgl"') + lAA (0.5 mgl"'), 
nodal explants produced large number of shoot without the 
intervention of callus and when these shoots were transferred to 
the MS medium supplied with IBA (1.5 mgl"') rooted well. 
Venkatesham and Reddy (1996) induced multiple shoots 
buds and somatic embryos from the leaf segments of Niger. Shoot 
bud induction was found to be maximum on LS medium 
supplemented with BAP (2 mgl"') + NAA (0.5 mgl ' ' ) . Somatic 
embryogenesis was also observed on LS medium containing 2,4-D 
(1.0 mgl' ' ) alone or in combination with Kn (0.2 mgl"'). Whereas, 
the rhizogenesis observed on LS medium fortified with IBA (2 
mgl'*) + Kn (0.05 mgl' ') + Sucrose (6%). 
Hamidah et. al. (1997) tested several types of explants 
using, growth regulators, sugars and wetting agents to induce 
somatic embryogenesis in Anthurium scherzerianum. The best 
results were obtained from the leaf explant cultured on the medium 
with 2,4-D (18^M) and a high sucrose concentration (6%) 
10 
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solidified with gelrite. Somatic embryos converted to entire plants 
on a medium with Kn (0.46|iM). 
Arrebola et. al., (1997) developed an optimal 
micropropagation procedure using nodal segments of Isoplexis 
canariensis with two axillary buds as explants. A concentration of 
Kn (0.5|iM) in MS liquid basal medium was found to be optimal 
for micropropagation. 
Tyagi and Kothari (1997) cultured nodal explants of 
Capparis decidua on MS medium supplemented with BAP (Smgl"') 
showed differentiation of multiple shoots. These regenerated 
shoots achieved rooting using IBA (Imgl ' ' ) in the medium. Further 
Shevade et. al., (1997) reported in vitro flowering from nodal 
explants of Phlox drummondi on MS medium supplemented with 
lAA (1^M) and Kn (l^iM ). 
Tawfik (1997) cultured leaf segments of rosemary plants on 
MS medium containing 0, 1000, 3000, 5000 and 7000 ppm of salts 
in a from of NaCl and NaCla at a ratio of 1:1. Salt level 
significantly affected the callus induction. Shoot number 
decreased by increasing the salt levels. On the other hand, Ali et. 
al., (1997) cultured stem explants of Bacopa monniera on MS 
medium containing various levels of NaCl (5-20 mgl' ') and BAP 
(0.5 m g r ' ) + NAA (0.2 mgl"'). It was observed that all medium 
containing NaCl showed reduction in shoot induction whereas all 
the cultures rooted well depending upon the NaCl concentration. 
Tyagi and- Rangaswamy (1997), however achieved in vitro 
regeneration of salt tolerant plants of 11 cultivars of Brassicas on 
MS medium + BAP ( 1 0 ' V M ) + lAA ( 1 0 " V M ) along with 0.5%, 
0.6% and 0.7% NaCl. 
Usha and Swamy (1998) induced callus using leaves of 
Artemisia annua cultured on MS medium supplemented with NAA 
11 
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(1 mgl"') + Kn (0.1 mgl' ') along with 3% sucrose whereas, the MS 
medium fortified with BAP (1 mgl"') + biotin (1 mgl' ') + myo-
inositol (100 mgl' ') + sucrose (3%) was used for shoot initiation 
from leaf derived callus, MS medium with IBA (2 mgl' ' ) along 
with 3% sucrose was found to be good for rhizogenesis from 
regenerated shoots. Similarly Jadimath et. al., (1998) in vitro 
propagation of Guizofia abyssinica and Guizolia scahra via direct 
adventitious shoot bud differentiation from the leaf explant 
cultured on MS medium supplemented with BA (Imgl"". 
Regenerated shoots were successfully rooted on MS + NAA (0.2 
mgl-'). 
Kumar et. al., (1998) cultured single nodal explant of 
Actinidia deliciosa on MS medium supplemented with BA (2 mgl" 
') alone and in combination with BA (0.02 mgl"') along with lAA 
(0.1 mgl"'). In vitro raised plants rooted well on MS medium 
containing lAA (1 mgl"'). 
Sharma and Dhiman (1998) reported that nodal segments of 
Paulownia hybrid developed into multiple shoots on MS + BAP 
(2.0 mgl"') + NAA (1.0 mgl"'). Higher concentration of the 
cytokinins induced the formation, of white friable callus but in a 
lower concentration of BAP favours multiple shoot formation. 
100% rooting occurred on 1/4 or 1/2 MS + NAA (1 mgl"'). 
Sahoo and Chand (1998) cultured nodal segments of Tridax 
procumbens on MS medium fortified with BAP (1.0 mgl"') + GA3 
(0.3 mgl"') for multiplication. A half strength medium 
supplemented with IBA or NAA (0.25- 2.0 mgl"') was used for 
root initiation from regenerated shoots. Number of shoots per 
explant also increased with an increment in BAP concentrations 
upto the optimal level (l.Omgl"'). 
19 
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Mitra et. al., (1998) proposed a rapid in vitro multiplication 
of plants from mature nodal explants of Caiharanthus roseus. For 
this purpose culture were incubated on MS medium + Kn (2 mgl" ) 
and with B A P (0.2 mgl' ') + lAA (0.1 mgl' ' ) . 
Muthuraman et. al., (1998) found that tissue cultures of 
Scoparia dulcis on BA increased the biomass and yield of 
diterpenes better than thiadizuron in shoot/nodal explant. 
Similarly Jaysaeelan and Rao (1998) also used nodal explant to 
induce multiple shoots on MS medium with BAP (2.0 mgl"') along 
with lAA (mgl"'). The regenerated shoots were successfully rooted 
on MS + lAA (2.0 mgl"') alone. 
Dhenuka et. al., (1999) developed a protocol for the indirect 
propagation of Curculigo orchioides. Leaf explants cultured on 
MS + BA (9|iM) resulted in the formation of proliferating green 
callus. The subcultured calli on MS + BA ( I . IMM) showed shoot 
propagation. Rooting was observed on MS + d-NAA (5.3^M), IBA 
(1.2^M) and on MS basal medium, 80% survival was observed in 
this case. However, direct caulogenesis and rhizogenesis from leaf 
explant of Solarium nigrum was observed by Shahzad et. al., 
(1997), on MS medium supplemented with different concentration 
of hormones. It was found that 2,4-D (2 mgl"') alone and in 
combination with BAP (0.5 mgl"') proved superior for induction of 
compact nodular green calli. Multiple shoot regeneration was 
achieved on 2,4-D (O.Smgl'') +Kn (2mgr ' ) . Whereas, NAA (0.5 
mgl"', Imgl"', and 4mgr ' ) have a synergistic effect on high 
frequency of shoot regeneration. Sarma et. al., (1999) developed 
a simple product for in vitro mass multiplication of Raiivolfia 
tetraphylla. Multiple shoot development was achieved on MS + Kn 
(0.1-0.2 mgl"') + BAP (0.4-0.5 mgl' ') media. Rooting from in vitro 
shoots occurred on NAA containing media. In vitro flowering was 
13 
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induced in shoot multiplication media on 2,4-D (0.5 mgl' ') + Kn (2 
mgl ' ' ) . While in case of NAA (0.5 mgl' ' ' 1 mgl'' and 4 mgl' ' ) have 
synergistic effect on high frequency of shoot regeneration. 
Tejavathi and Shailaja (1999) studied the effect of auxins 
on Bacopa monnieri for induction of multiple shoots from callus 
derived from leaf explants. This observed that lAA (5mgr ) was 
very effective for multiple shoot induction. Whereas, NAA 
induced few multiple shoots on leaf derived callus at 0.1 mgl' . 
Further with higher concentrations of NAA induced only profuse 
callusing from the explants. While using callus derived from nodal 
segments, lAA was found to be very effective at optimum 
concentration of 0.1 mgl' ' . Here also, a higher concentration of 
NAA induced profuse callusing. Whereas, Ali et. al., (1999) 
reported 100% regeneration from the shoots of Bacopa monniera 
cultured on MS + NAA (0.2 mgl"') + BAP (0.5 mgl"') + glutamine 
(50 mgl'') with 2% sucrose. Medium supplied with various 
concentrations ( l -15gmr ' ) of sodium chloride, proline content in 
regenerates was six times higher as compared to control. With 
increasing NaCl concentration photosynthetic rate decreased and 
fresh mass and root length of regenerates declined. 
Tiwari et. al., (2000) developed an efficient protocol using 
liquid shake cultures for the in vitro propagation of Bacopa 
monniera. Nodal explants were cultured on liquid MS medium 
with or without BA. Addition of BA resulted in an increase of 
morphogenetic response (number of shoots and number shoots per 
node explants) in both type of culture media. 
Emmanuel et. al., (2000) cultured nodal explants of Wedelia 
calendulacea on a medium containing BA (9.9 fiM) and Kn 
(4.65^M), which produced prolific multiple shoots. Elongation of 
multiple shoots was observed on GA.i (2.89|iM) + BA (8.9 ^iM). 
REVIEW OF LITERATURE 
For rooting of the excised shoots BA (4.9|xM) in half strength of 
MS was suitable. 
Caruso et. al., (2000) observed rhizogenesis from the 
regenerated shoots obtained from leaf and nodal segments of 
Rosmarinus officinalis grown on a basal nutrient medium for nine 
weeks. The regenerates were found to contain carnosic acid, a 
diterpenoid with antioxidant activity. Five weeks old nodular 
green callus also contained carnosic acid, whereas non-green 
undifferentiated callus maintained in the dark did not. 
Mohan et. al., (2000) cultured internodal segments of 
Tribulus terrestris on MS medium supplemented with, different 
concentration of (0.5,1.0, 2.0 and 5 mgl"' ) to induce callus. Later, 
these calluses when transferred on MS + IBA (0.5 mgl"') + BAP 
(2.0 mgl' ) transferred into friable embryogenic calli whereas, 
addition of CH (SOOmgl"') to this medium promoted development 
of somatic embryos. Regenerated plantlets developed a vigorous 
tap root system on MS + NAA (0.1 mgl' ') + IBA (2.0 mgl ' ' ) . 
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CHAPTKK-2 
MATERIALS AND METHODS 
2.1 PLANT MATERIALS 
Healthy plants of Scoparia dulcis and Sar.sevieria zeylanica 
growing m the natural habitats. Botanical Garden of Botany 
Department, AMU, Aligarh were used to obtain the explants. The 
leaves and nodal segments were excised from the healthy plants of 
Scoparia dulcis whereas,only leaves of Sanscvieria zeylanica used as 
the explants for culture studies in vitro. 
2.2 COMPOSITION AND MEDIA PREPARATION 
Culture medium is one single most important factor for 
culturing cells and tissues. It provides (i) the optimum conditions for 
factors like, pH (ii) the chemical constituents, which the cells or 
tissues are incapable of synthesizing. Most suitable medium among 
all is MS (Murashige and Skoog, 1962), which is widely used and 
well known for organogenesis and plant regeneration. 
For the purpose of morphogenetic response in Scoparia dulcis 
and Sansevieria zeylanica, Murashige and Skoog's medium (1962) 
used (Table-II). Salts were dissolved in double distilled water 
(DDW) separately and then the final volume of the solution was 
maintained. FeS04 and Naa.EDTA were added lastly in order to avoid 
precipitation. 
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The most variable factor in the medium, are growth regulators 
(auxins and cytokinins). All auxins were dissolved in few drops of 
absolute alcohol whereas, cytokinins were dissolved in few drops of 
IN NaOH and made to the volume by adding DDW. This stock 
solution is used in different concentrations. 
The MS medium was supplemented with hormones singly as 
well as in various combinations. Various additions of hormones alone 
and in combinations given to the explants of Scoparia dulcis and 
Sansevieria zeylanica are presented in tabular form (Tablellland JV) 
2.2.1 TABLE -II MURASHIGE AND SKOOG'S MEDIUM (1962) 
A- MAJOR SALTS 
Constituents 
NH4NO3 
KNO3 
CaCl2.2H20 
MgS04. 7H2O 
[< :H2P04 
Ma2EDTA 
FeS04 .7H20 
m g l ' ( I x ) 
1650 
1700 
440 
370 
170 
31.3 
27.8 
m g l ' ( lOx) 
16500 
19000 
4400 
3700 
1700 
313 
278 
g m l ' ( lOx) 
16.50 
19.00 
4.40 
3.70 
1.70 
0.313 
0.278 
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B- MINOR SALTS 
Constituents 
H.,B03 
Mn04. 4H2O 
ZnS04.4H20 
Kl 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
mgl-' ( Ix) 
6.2 
22.3 
8.6 
0.83 
0.25 
0.025 
0.025 
mgl-^ (lOx) 
62 
223 
86 
8.3 
2.5 
0.25 
0.25 
g m l ' (lOx) 
0.062 
0,223 
0.086 
0.0083 
0.0025 
0.00025 
0.00025 
C- O R G A N I C SALTS 
Constituents 
Myo-inositol 
Thiamine HCl 
Nicotinic acid 
Pyridoxine HCl 
Glycine 
m g l ' ( Ix) 
100.0 
0.5 
0.5 
0.5 
2.0 
m g l ' (lOx) 
1000 
5 
5 
5 
20 
gml"' (lOx) 
1.000 
0.005 
0.005 
0.005 
0.02 
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2.2.2 SOLIDIFICATION OF MEDIUM 
In the present study gelling or solidifying agent used was 1% 
Agar agar to the culture medium. It provides a wide surface area to 
growing tissue in the static condition. 
2.2.3 CARBON AND ENERGY SOURCE 
Sucrose is the most commonly used carbon source to provide 
energy to the growing tissue. 3% of sucrose was used in the present 
investigation. 
• o ' 
For each treatment 10 replicates were taken with 15-20ml of 
medium m culture tubes. All culture tubes were labelled and plugged 
with non-absorbent cotton or plastic caps. The medium is sterilized 
by autoclavmg for 20 minutes at 15 lbs (121°C). After autoclaving 
slants were prepared by placing the culture tubes in an inclined 
position, till the medium cools and solidifies. 
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2,2.4 T A B L E - I I I MS medium supplemented with different plant 
growth regulators singly as well as in combinations used for 
morphogenetic studies in Scoparia dulcis. 
S.No 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
Basal 
Medium 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS' 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
BAP 
--
2.0mgr' 
S.Omgr' 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
O.Smgr' 
2.0nigr' 
S.Omgr' 
--
--
2.0mgl"' 
KN 
--
--
--
2.0mgl-' 
--
--
--
--
--
--
--
--
--
--
--
--
. --
--
--
--
O.Smgr' 
O.Smgr' 
O.Smgr' 
NAA 
--
--
--
--
--
--
--
l.Omgl"' 
2.0mgr' 
3.0mgr' 
4.0mgr' 
S.Omgl"' 
--
--
--
--
--
S.Omgr' 
--
O.Smgr' 
--
--
--
IBA 
--
--
--
--
--
--
--
--
--
--
--
--
l.Omgl"' 
2.0mgr' 
3.0mgr' 
4.0mgr' 
S.Omgl"' 
--
--
--
2.0mgl"' 
--
--
lAA 
--
--
--
--
2.()mgr' 
--
--
- - • 
--
--
--
--
--
--
--
--
--
--
l.Omgr' 
-• 
--
--
--
2,4-D 
--
--
--
--
--
2.0mgl"' 
3.0mgl"' 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
2.0mgl"' 
--
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2.2.5 Table-lV MS medium supplemented with different plant 
growth regulators singly as well as in combinations used for 
morphogenetic studies on Sanseviera zeylanica. 
S.No 
1. 
2. 
3. 
4. 
5. 
6. 
7, 
8. 
9. 
10. 
1 1 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
Basal 
Medium 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
1/3MS 
BAP 
--
--
--
--
--
--
--
S.Omgr' 
--
--
--
--
--
--
--
O.Smgr' 
S.OmgP' 
2 .0mgr ' 
--
--
--
KN 
--
2 .0mgr ' 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
G.5mgl"' 
O.Smgl"' 
--
NAA 
--
--
l.Omgl"' 
2 .0mgr ' 
3.0mgl"' 
4.0mgi"' 
SOmgl"' 
--
--
--
--
--
--
--
--
S.Omgl"' 
O.Smgl"' 
--
--
--
2 .0mgr ' 
IBA 
--
--
--
--
--
--
--
- ' 
l.Omgl"' 
4.0mgl"' 
S.Omgl-' 
--
--
--
--
--
--
--
2.0mgl"' 
--
--
lAA 
--
--
--
--
--
--
--
--
--
--
--
2 .0mgr ' 
S.Omgl"' 
--
--
--
--
O.Smgr' 
--
--
--
2,4-D 
--
--
--
--
--
--
--
--
--
--
--
--
--
2 .0mgr ' 
S.Omgl'' 
--
--
--
--
2 .0mgr ' 
--
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2.2.6 Salt stress treatments given to the Scoparia dulcis are as 
follows: 
1) MS+NAA (2mgr')+NaCl (O.lppm) 
2) MS+NAA+(2mgr')+NaCl (0.2ppm) 
3) MS+NAA+(2mgl-')+NaCl (O.Sppm) 
4) MS+IBA (2mgr')+NaCl (O.lppm) 
5) MS+IBA (2mgr')+NaCl (0.2ppm) 
6) MS+IBA (2mgr')+NaCl (0.5ppm) 
7) MS+NAA (2nigr')+IBA (2mgr')+NaCl (O.Sppm) 
8) MS+NAA (2mgr')+lBA (2mgr')+NaCl (l.Oppm) 
2.3 STERILIZATION OF LAMINAR FLOW BENCH 
Inoculation is done using laminar flow bench that is pre-
sterilized by UV light. UV lamp of inoculation cabinet is switched on 
one hour before any work. In case of laminar airflow, the light and 
blower motor is switched on 15 minutes prior to work. The air inside 
the "inoculation chamber" was constantly replaced by fresh filtered 
air. Hands were sterilized with 70% alcohol and the working table 
was also wiped with 70% alcohol before starting any work. 
2.4 COLLECTION AND SURFACE STERILIZATION OF 
EXPLANTS 
The stem pieces with young leaves and petioles were cut with 
blade, from the healthy plants of Scoparia dulcis and long leaves of 
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Sansevieria zeylanica were also cut in to small pieces and were used 
as explants in present investigation. Explants were collected in a 
beaker containing water. These were thoroughly washed under tap 
water for about 20 minutes. The plant material is then transferred to 
the inoculation room. Explants are then treated with 5% teepol for 
about 4-8 minutes with continuous shaking of beaker followed by 
rapid washing with sterilized DDW for 4-5 times. The explants were 
surface sterilized by 0.1% of mercuric chloride (HgCh) and few 
drops of tergitol i.e. a wetting agent, for about 2-3 minutes. During 
this period the beaker is regularly shaken. Later, the sterilized 
explants were given 4-5 washings in sterile DDW to remove the 
traces of HgCb. The explants were then placed in sterilized 
petridishes. 
2.5 STERILIZATION OF INSTRUMENTS 
The instruments to be used were wrapped in aluminium foil 
and sterilized by autoclaving. The instruments once used were 
surface sterilized by dipping in rectified spirit and passing through 
flame after each process of inoculation. 
2.6 INOCULATION AND INCUBATION OF CULTURES 
All instruments to be used during excision and inoculation 
were dipped in alcohol and flamed on spirit lamp and used after 
cooling them in Lysol solution, hands were rinsed with 70% alcohol. 
This procedure was repeated every time after inoculation of the 
explant. During inoculation the neck of the culture tube was flamed 
and in quick succession the explant was inoculated in the culture 
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vessel by slightly pressing it by sterilized forceps and the tube was 
immediately plugged with non-absorbent cotton. 
All the culture tubes were kept in the culture room under 
controlled environmental conditions of 25° ± 2°C temperature and 
16:8 hrs of photocycle (light: dark) of 2500 Lux was provided and 
55-60% relative humidity was maintained. The periodic observations 
were recorded. 
2.7 SUB CULTURING 
The cultures were maintained regularly by sub-culturing them 
on fresh medium from time to time. Cultures were periodically 
examined and data was recorded. 
2.8 ACCLIMATIZATION 
Regenerated plantlets with well-differentiated shoots and roots 
were first thoroughly washed with water to remove the adhering 
medium. Plant was then transferred to the pot containing sterilized 
mixture of soil and soil-rite (3:1). Covering them with polyethylene 
bags and watering them maintained a high humidity around the 
plants. They were kept in growth chamber at 25 ± 2"C for 15 days. 
After that plants were transferred to the earthen pots and 
acclimatized in the natural habitat. 
2.9 PRECAUTIONS 
(i) Always keep away the hands moistened with 
alcohol from the spirit lamp. So dry the alcohol 
first. 
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(ii) Exposure to UV light builds up a high 
concentration of ozone gas inside the closed 
chamber. In case, working inside an inoculation 
chamber it is healthy to enter the chamber only 
15-30 minutes after switching off the UV lamp. 
(iii) Do not dip hot instruments in alcohol and don't 
use hot instrument for cutting or holding the 
plant material. 
(iv) Work carefully and try to assure that media and 
plant tissue are exposed for the plant material. 
(v) Don't heat the neck of the culture tubes 
excessively. 
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CHAPTER-3 
OBSERVATIONS AND RESULTS 
3.1 Scoparia dulcis Linn. 
3.1.1 Leaf explants 
Leaf explants oi Scoparia dulcis were cultured on MS basal 
medium supplemented with different auxins and cytokinins in 
variable concentrations. Observations were taken every week in 
order to study the intensity of callus growth and the associated 
changes in colours, appearances, and texture of the callus, along 
with the organogenic response of the explant both directly and 
indirectly. 
Leaf explants inoculated on MS basal medium showed 
almost no response in vitro. Although the explants remained green 
for about 10 days in the culture medium but gradually started 
browning (Hist . l ) . 
Leaf explants inoculated on MS basal medium supplemented 
with 2,4-D (2mgr ' ) exhibited late initiation of callogenesis i.e. 
after 25 days of inoculation. Growth of callus was very slow and 
continued till 35-40 days of inoculation (Hist.3). Callus was 
compact light green and nodular in nature (Fig. l , a). 
Tender leaf explants when inoculated on MS medium with 
NAA (3mgr ' ) started producing callus after 6 days of inoculation. 
Callus was green in colour, friable in nature and the growth was 
found to be relatively fast (Fig. l , b; Hist . l ) . But even after 35 
days of inoculation the callus failed to show any organogenic 
response on the same medium. Calli were cut and into pieces and 
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subcultured on MS medium augmented with a higher concentration 
of NAA (4mgr ' ) . However, no sign of caulogenesis or 
rhizogenesis was observed even after 30 days of inoculation, 
Growth of the callus was found to be moderate after subculturing 
on same m&dium. 
Leaf explants cultured on MS medium augmented with Kn 
(2mgr ' ) showed outward curling of the leaf margins after 7 days 
of inoculation. Later, exhibited callogenesis from the ventral leaf 
surface after 14 days of inoculation. The growth of callus was 
observed to be slow and hence small amount of callus was 
obtained even after a month of inoculation (Hist.3). The callus was 
greenish yellow in colour and nodular in nature (Fig. l , c). This 
callus was subcultured on 2,4-D (Imgl"') + Kn (O.Smgl"') which 
showed poor callus growth (Fig. l , d) after 35 days of transfer. 
Leaf explants inoculated on MS basal medium supplemented 
with BAP (5mgr ' ) initiated formation of shoot buds from the 
midrib region after lOdays of inoculation. Number of shoot buds 
increased till 2 0 " day of inoculation. Callogenesis also started 
after 20"^ days of inoculation from the ventral surface of the leaf 
(Hist.4). The callus was green and somewhat nodular in nature 
(Fig.2, a). Subculturing was done on MS medium containing BAP 
(2mgr ' ) + Kn (O.Smgl"') which revealed an increment in callus 
growth but suppressed the rate of multiplication of shoot buds 
after 30 days of transfer (Fig. 4,c) 
Leaf explants cultured on BAP (2mgr ' ) added to MS basal 
medium, exhibited slight swelling after 5 days of inoculation. 
Direct initiation of shoot buds from the lower portion of midrib 
was observed after 10 days of inoculation (Fig.2, b). Shoot buds 
continuously multiplied till 35 days of inoculation (Fig.2, c; 
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Hist . l ) . Subculturing was done for the purpose of rooting and 
proliferation of shoot buds, on MS medium supplemented with 
BAP (5mgr ' ) and BAP (2mgr ' ) + Kn (O.Smgl"') however both 
induced callogenesis instead of the desired result. 
Leaf explants cultured on MS medium with lAA (2mgr ' ) 
showed direct initiation of shoot buds after seven days of 
inoculation. These shoot buds showed further multiplication at a 
rapid pace (Hist.3). After 20 days of inoculation multiple shoot 
buds were observed which covered the whole leaf surface (Fig.2, 
d). Rhizogenesis was not observed from the shootlets on the same 
medium even after 40 days of inoculation. Further shoots were cut 
and subcultured on rooting medium NAA (4mgr ' ) . Roots emerged 
after 25 days of transfer. 
Leaf explants inoculated on MS media augmented with IBA 
(2mgr ' ) + Kn (O.Smgl"') showed slight proliferation near the 
petiolar region after 7 days of inoculation. Direct rhizogenesis was 
exhibited from the midrib portion after 12 days of inoculation. 
Growth of roots was rapid and profuse. Roots were covered with 
dense and wooly root hairs. Simultaneously callogenesis occurred 
from the ventral surface of the leaf. Callus was yellowish in colour 
and nodular in nature (Figs. 3,a, b & c). Indirect rhizogenesis from 
the dividing callus initiated after 20 days of inoculation (Hist.4). 
These roots were thicker and almost without root hairs. Few roots 
showed green pigmentation after 30 days of inoculation. 
Subculturing was done for shoot induction on medium containing 
IBA (2mgr ' ) , emergence of shoot buds was not observed even 
after 40 days of transfer. 
Leaf explants cultured on MS medium supplemented with 
BAP (5mgr ' ) + NAA (O.Smgl'') sh owed swelling around the 
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midrib portion after 7 days of inoculation. Callogenesis initiated 
on the 10 '^' day of inoculation from the swelled portion of the leaf 
surface. Callus was compact and callusing was found to be 
restricted around the midrib of the leaf. Callogenesis continued till 
25-30 days of inoculation. Calli showed green pigmentation and 
nodular patches (Figs.3, d & e). After subculturing on the same 
medium numerous shoot buds like structures originated from 
organogenic calli after 30 days of transfer (Hist.4) but could not 
attain elongation even after various subcultures, on the same 
medium (Fig. 4,d). 
Leaf explants inoculated on MS basal medium augmented 
with NAA (Smgl"') induced callus formation after 10 days of 
inoculation. The growth of callus was rapid in all directions. 
Numerous hairy roots started emerging from the cut end of petiole, 
directly from explant after 15 days of inoculation. Indirect 
rhizogenesis was observed from the growing calli after 25 days of 
inoculation. Indirect roots were comparatively less in number 
(Hist . l ) and also with root hairs (Fig.3, f). Roots were further 
subcultured on NAA (5mgr ' ) + BAP (0.5mgr ' ) which showed no 
organogenic response even after 45 days of subculture. 
The leaf explants inoculated on MS medium supplemented 
with IBA (2mgr ' ) showed direct root emergence from the midrib 
region on the dorsal surface after 7 days of inoculation (Fig. 4,a). 
Callusing initiated from the ventral surface in contact with the 
nutrient medium, after 17 days of inoculation. The nature and 
colour of callus was found to be friable and light yellow 
respectively. Profuse rhizogenesis initiated from the callus after 
25 days of inoculation. After 30 days of culture, shoot buds like 
appearance were observed from the midrib portion (Hist.2). 
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Further subculturing on the same medium they developed into fast 
growing plantlets after 20 days of transfer. (Figs. 6, b & c). 
Leaf explants cultured on MS medium augmented with NAA 
(4mgr ' ) showed slight swelling and proliferation after 7 days of 
inoculation. Direct root initiation started after 15 days of 
inoculation. Later, the light green callus showed the potentiality of 
rhizogenesis after 35-40 days of inoculation (Fig. 4,b; Hist . l) . 
Roots were covered with root hairs. 
Leaf explants inoculated on MS medium supplemented with 
(2mgr ' ) of NAA started callogenesis after 5 days of inoculation. 
Growth of callus continued and simultaneously rhizogenesis 
initiated from the callus after 12 days of inoculation (Fig.5, a). It 
was observed that whole explant transformed into callus mass 
within 21 days of inoculation (Hist . l ) . The callus was friable 
green and nodular in nature but no sign of shoot differentiation 
was found upto 5 weeks of inoculation (Fig.5, b). Later, the callus 
was subcultured on MS medium supplemented with BAP (5mgr ' ) 
where initiation of few shoot bud like structures were observed 
after 14 days of transfer. The shoot buds did not proliferate upto 
35 days of transfer and the callus also started browning. 
Leaf explants cultured on MS basal medium augmented with 
IBA (Imgl ' ' ) initiated callogenesis from the ventral surface after 4 
days of inoculation. Whereas, direct root initiation was observed 
from the dorsal surface of the leaf after 12 days of inoculation. 
Growth of callus as well as the number of roots increased within 
21 days of inoculation (Hist.2). Roots were covered with dense 
root hairs (Fig.5, c). Callus was found to be nodular, light green in 
colour. The fragments of explants, with calli at the ventral and 
roots on the dorsal surface were subcultured after 35 days of 
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inoculation on the same medium. No significant growth or sign of 
differentiation was observed upto 35 days of transfer. 
Leaf explants cultured on MS + IBA (Smgl"') started profuse 
rooting from the cut end of petiole and the midrib portion of leaf 
after 7 days of inoculation. Whitish yellow callus was also 
observed from the leaf margins after 14 days of inoculation. 
However, the callus did not proliferated, further, few roots were 
also induced indirectly (Hist.2). After 25 days of inoculation 
major part of the leaf surface was covered by number of roots 
(Fig.5, d). These roots when subcuitured on MS medium 
supplemented with IBA (Imgl ' ' ) + Kn (0.5mgr ' ) in combination 
resulted in dark brown calli after 40 days of transfer. 
Leaf explants cultured on MS basal medium augmented with 
IBA (5mgr ' ) started callusing after 5 days of inoculation. Growth 
of callus was moderate, callus was found to be light green in 
colour and compact in nature. Rhizogenesis initiated from the 
developing callus after 14 days of inoculation, became profusely 
dense after 3 weeks of culture. Single shoot bud was induced from 
the developing callus after 45 days of inoculation (Fig.6, a; 
Hist.2). The shoot bud when further subcuitured on the same 
medium produced callus from the cut end after 10 days of transfer. 
Leaf explants inoculated on MS medium supplemented with 
IBA (4mgr ' ) showed callus induction after 5 days of inoculation. 
On IS"" days of inoculation, it was found that the whole leaf 
transformed into light green nodular callus. Indirect rhizogenesis 
and callogenesis observed from the callus on 20"' day of 
inoculation (Hist.2). Growth of roots was found to be very slow 
whereas, shoot elongation was rapid (Fig. 7, a). 
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Leaf explants cultured on MS basal medium augmented with 
NAA (Imgl"') showed callus initiation after 5 days of inoculation. 
Growth of callus continued and the whole leaf transformed into 
friable yellowish green callus after 15 days of inoculation. After 3 
weeks of culture indirect caulogenesis and rhizogenesis was 
observed. Roots were covered with dense root hairs. Growth of 
shoot was found to be more as compared to that of root (Fig. 7,b; 
Hist . l ) . 
3.1.2 Nodal explants 
Nodal segments cultured on MS basal medium augmented 
with 2,4-D (2mgr ' ) showed proliferation of explant after 7 days of 
inoculation. Callogenesis was observed from the cut end after 25 
days of inoculation. Increase in callus growth was noticed after 35 
days of inoculation (Hist.7). Callus was compact, nodular and 
light green in colour (Fig.8, a). Calli were subcultured on medium 
containing 2,4-D (2mgr ' ) + Kn (O.Smgl'') and IBA (2mgr ' ) + Kn 
(0 .5mgr ' ) but in both the cases there was a poor callus growth and 
gradual browning was observed after 30 days of transfer. No 
organogenic response was exhibited even after 45 days of transfer. 
Nodal segments inoculated on MS medium supplemented 
with Kn (2mgr ' ) started callogenesis from the portion that was in 
contact with the nutrient medium after 12 days of inoculation. 
Growth of callus was rapid and continuous upto 5 weeks of 
inoculation (Hist.7). Callus was yellowish white in colour and 
friable in nature (Fig. 8,b). Further subcultured on MS medium 
fortified with NAA (I &5 mgl"') and IBA (2mgr ' ) + Kn (0.5 mgl' 
' ) , no organogenic response was observed upto 35 days of transfer. 
However, callus subcultured on IBA (2mgr ' ) + Kn (0.5mgr ' ) 
started browning after 30 days of transfer (Fig. 8,c). 
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Nodal explants inoculated on MS basal medium 
supplemented with BAP (2mgr ' ) exhibited callogenesis from the 
cut end after 7 days of inoculation. Callus was light brown in 
colour. Multiple shoots started originating from the calli after 15 
days of inoculation (Fig. 9,a). The callus that was in contact with 
the medium gradually turned dark brown. After 3 0 days of 
inoculation there were numerous shoot buds (Hist.7) but they 
failed to proliferate. Shoot buds were isolated and subcultured on 
the same medium to induce further growth and root differentiation. 
No such remarkable effect of growth hormone was observed in this 
case even after 40 days of transfer. 
Nodal segments cultured on MS medium fortified with BAP 
(5mgr ' ) showed callus initiation after 10 days of inoculation. The 
growth of callus was very slow. Proliferation of axillary bud 
started after 20 days of inoculation. After 30 days of inoculation 
the shoot bore floral buds (Fig. 9,b). The growth of callus was 
stunted and showed no further increase in mass even after 40 days 
of inoculation, although shoot proliferation was continuous 
(Hist.8). Rhizogenesis was not observed on the same medium. 
Subculturing of regenerated shoots was done on MS medium 
containing NAA (Smgl'') + BAP (O.Smgl"') bui root induction 
could not be achieved even after 35 days of transfer. 
Nodal segments cultured on MS medium supplemented with 
NAA (5mgr ' ) + BAP (O.Smgl"') showed initiation of multiple 
shoot buds from the portion in contact with the medium, after 15 
days of inoculation. However, the multiplication of shoot buds was 
not at a faster rate. After 30 days of inoculation only few shoot 
buds were seen in contact with the medium (Hist.8), and rest of 
the explant remained green upto 48 days of inoculation (Fig. 9,c). 
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These shoot buds were subcultured on MS medium fortified with 
BAP (2mgr ' ) and BAP (Smgl' '). Although shoots proliferated well 
after 25 days of transfer but no visible of rhizogenesis was 
observed even after 40 days of transfer. 
Nodal explants cultured on the MS medium supplemented 
with BAP (Smgl' ') + NAA (O.Smgl'') exhibited slight swelling of 
the explant after 10 days of inoculation. Multiple shoot bud 
formation started ^rom this portion after 17 days of inoculation. 
Numerous shoots were observed (Fig. 9,d; Hist.8) but they failed 
to show proliferation on the same medium. Shoots were isolated 
and subcultured on MS medium augmented with NAA (Smgl' ') + 
BAP (0 .5mgr ' ) but proliferation of shoot was not observed upto 
3 5 days of transfer. 
Nodal explants cultured on MS basal medium supplemented 
with IBA (3 mgl' ') showed a little bit of callusing from the cut end 
after 7 days of inoculation. Growth of callus was found to be 
moderate. Callus was light yellow in colour and friable in nature. 
Proliferation of axillary bud was observed directly after 20 days of 
inoculation. Differentiation of shoots (2-4) from the callus was 
observed after 35 days of inoculation (Figs.10, a, b; Hist.6). 
Shoots were cut and subcultured on another medium containing 
IBA (2mgr ' ) but no sign of rhizogenesis was exhibited even after 
40 days of transfer. 
Nodal explants cultured on MS basal medium supplemented 
with lAA (2mgr ' ) showed proliferation of single shoot after 10 
days of inoculation. Callogenesis also started from the cut end of 
nodal segment after 15 days of inoculation. Multiple shoot buds 
abruptly emerged after 25 days of inoculation, both indirectly and 
directly from the nodal segment and from the leaves of regenerated 
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shoots respectively. Multiplication of shoot buds was rapid from 
the callus, and after 35 days of inoculation numerous shoot buds 
were induced (Fig. 10, c). However the growtn of proliferated 
shoot from the axillary bud was arrested (Hist.8). Shootlets were 
subcultured on a rooting medium NAA (Smgl"'), which rooted well 
after 25 days of transfer. 
Nodal segments cultured on MS basal medium supplemented 
with NAA (Smgl' ') showed direct emergence of roots after 7 days 
of inoculation. Callogenesis was induced after 10 days of 
inoculation and the growth was very fast. Callus was light yellow 
and somewhat nodular in nature. Indirect rhizogenesis was 
comparatively late i.e. after 15 days of inoculation; single shoot 
proliferated from the axillary bud (Fig. 10,d; Hist.5) after 3 5 days 
of inoculation but could not attain a considerable length on the 
same medium. 
Nodal segments aseptically placed on MS basal medium 
augmented with 2,4-D (2mgr^) + Kn (0.5mgr ' ) showed induction 
of callogenesis after 7 days of inoculation. Callus growth was 
moderate and found to be compact yellowish brown in colour. 
Indirect rhizogenesis initiated after 15 days of inoculation 
(Hist.8). Late proliferation of axillary bud was observed in this 
case. After 28 days of inoculation. The shoot elongated and 
resulted in a healthy plantlet showing in vitro flowering after 45 
days of inoculation (Fig. 11,a). 
Nodal segments cultured on MS medium augmented with 
IBA (2mgr ' ) + Kn (0.5 mgl'^) showed initiation of callogenesis 
after 10 days of inoculation from the cut end. Callus was friable, 
light yellow and growth was found to be moderate. Direct 
rhizogenesis was observed after 12 days of inoculation and these 
OBSERVATIONS AND RESULTS 
roots were hairy. Proliferation of the axillary bud started after 15 
days of inoculation. Indirect rhizogenesis was induced after 22 
days of inoculation. Roots produced indirectly were without root 
hairs. Elongation of the previous shoot to a larger extent was 
observed but it was weak and lacked chlorophyll pigment 
(Fig. 11,b). Organogenesis from the callus was also witnessed i.e. 
one more shoot was induced after 30 days of inoculation. Length 
of this shoot was found to be comparatively lesser than the roots. 
Aerial rhizogenesis from the stem portion of the proliferated 
shoots initiated after 35 days of inoculation (Hist.8); these roots 
were covered with root hairs. 
Nodal explants inoculated on MS basal medium 
supplemented with IBA (5 mgl'') started swelling after 5 days of 
inoculation. Later, the whole explants transformed into light green 
and friable callus mass. Indirect rhizogenesis was observed after 
25 days of inoculation and roots became profuse gradually (Fig 11, 
c; Hist.6). Further callus along with roots were subcultured on 
MS+ NAA (Imgl'') and MS + NAA (Smgl'') for caulogenic 
response but no remarkable effect on subcultures were observed. 
Nodal explants inoculated on MS basal medium fortified 
with NAA (4 mgl'') induced callogenesis from both the cut ends 
after 10 days of inoculation. Roots (1-2) initiation took place from 
the mid portion of nodal segments after 15 days of inoculation. On 
25"' day of inoculation, it was observed that the callus has attained 
a considerable mass and indirect rhizogenesis was also seen 
(Hist.5). Roots were about 1-2 cm long and covered with root 
hairs. Callus was yellowish in colour and nodular in nature (Fig 
11,d). 
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The nodal explants cultured on MS basal medium fortified 
with IBA (2 mgl"') showed shoot induction after 10 days of 
inoculation, growth was found to be fast. Later, roots were 
induced from the cut end of nodal segments after 15 days of 
inoculation (Fig. 12, a; Hist.6). The plantlets with roots grew well 
and exhibited in vitro flowering (Fig. 12,b). 
Nodal explants cultured on MS basal medium augmented 
with IBA (4 mgl'') abruptly showed shoot emergence from the 
axillary bud after 7 days of inoculation. Proliferation of shoot was 
found to be continuous, whereas, the cut end of explant gradually 
transformed into small light yellow callus after 10 days of 
inoculation. But the growth of callus was stunted few roots were 
induced directly from the explant after 20 days of inoculation 
(Hist.6). Flower buds also developed from the proliferated shoot 
on 35^''day of inoculation (Fig. 12,c). 
Nodal explants cultured on MS basal medium augmented 
with NAA (1 mgl"') after 7 days of inoculation showed shoot 
initiation. Root initiation from the cut end of the nodal segment 
started after 10 days of inoculation. After 3 weeks of culture dense 
rooting was observed however; no further shoots were induced 
(Hist.5). Growth of shoot was very slow although it was found to 
be more as compared to root growth (Fig. 12, d). 
Nodal segments cultured on MS basal medium supplemented 
with NAA (5 mgl'') showed callusing along with proliferation and 
curling of tender leaf primordia after 7 days of inoculation. Callus 
was smooth in nature and light yellow in colour. Direct 
rhizogenesis was observed from the nodal segments after 15 days 
of inoculation. Numerous hairy roots were produced (Hist.5). Few 
roots observed were green in colour and without root hairs, after 
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25 days of inoculation (Fig. 13,b). No further growth and variation 
was noticed upto 35 days of inoculation on the same medium. 
They were subcultured on another medium containing BAP (5mgr 
') + NAA (0.5mgr') for shoot induction. But differentiation could 
not be achieved even after 45 days of transfer. 
Nodal segments inoculated on MS basal medium 
supplemented with NAA (Zmgl'') showed initiation of single shoot 
after 7 days of inoculation. Callogenesis started from the cut end 
after 14 days of inoculation. Direct rhizogenesis from the explant 
(17 days after inoculation) followed by indirect rhizogenesis (21 
days after inoculation) was observed. Few more shoot buds were 
initiated directly from the nodal explant 28 days of inoculation. 
The previously induced shoot elongated rapidly and attained its 
height about 13cm. (Fig. 13,c). Similarly, growth of directly 
induced roots was found to be comparatively more than root 
induced indirectly (Hist.5). A very important observation was 
made, and that was of in vitro flowering. 
Nodal segments cultured on MS basal medium supplemented 
with IBA (Imgl'') started direct shoot emergence after 12 days of 
inoculation. The cut end transformed into small light yellow 
callus, 17 days after inoculation. Indirect shoots were induced 
after 21 days of inoculation. Previous shoot showed rapid increase 
in its length however, growth of other shoots continued upto 3 
weeks of inoculation. Indirect rhizogenesis was also observed after 
40 days of inoculation (Hist.6). Regenerated plantlets exhibited in 
vitro flowering after 56 days of inoculation (Fig. 13, d). 
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3.1.3 Salt Stress 
Leaf explants cultured on MS basal medium supplemented 
with NAA (2mgr ' ) + NaCl (0.1 ppm) exhibited slight swelling 
after 15 days of inoculation. On 20"* day of inoculation direct 
rhizogenesis was observed, roots were covered with root hairs. 
Simultaneously callusing initiated and the callus was found to be 
light green and friable in nature. Growth of callus was moderate. 
Indirect rhizogenesis was observed after 40 days of inoculation 
and roots induced indirectly showed vigorous growth to develop 
secondary and tertiary roots. Multiple shoot buds developed from 
the callus after 60 days of inoculation. Although the growth of 
shoot buds was slow but a continuous multiplication of shoots was 
observed. A continuous increment in the number of shoots 
observed, 75 days of inoculation (Fig.14, a; Hist.9). 
Leaf explants cultured on MS basal medium supplemented 
with NAA (2mgr ' ) + NaCl (0.2ppm) induced direct rhizogenesis 
from the midrib portion after 20 days of inoculation. The roots 
produced directly were covered with root hairs. Callogenesis was 
observed after 30 days of inoculation and the growth of callus was 
found to be poor. Callus was green in colour and somewhat 
nodular in nature. Indirect rhizogenesis was exhibited after 40 
days of inoculation. Roots were healthy and grew well lengthwise 
and further divided into secondary and tertiary roots. After 62 
days of inoculation shoots buds were induced which proliferated 
and produced healthy plantlet after 75 days of inoculation (Fig. 
14,b, c; Hist.9). 
Leaf explants inoculated on MS basal medium fortified with 
NAA (2mgr ' ) + IBA (2mgr ' ) + NaCl (0.5 ppm) showed 
callogenesis after 20 days of inoculation. Direct as well as indirect 
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rhizogenesis initiated after 30 days of inoculation, indirect 
rhizogenesis was however found to be more profuse. Callus was 
yellowish green in colour and nodular in nature. Numerous shoots 
started emerging from the callus after 60 days of inoculation 
(Hist.9). Proliferation and multiplication of shoots was rapid (Fig. 
14,d) and healthy plants were obtained. 
Leaf explants cultured on MS basal medium supplemented 
with NAA ( 2 m g r ' ) + NaCl (0.5ppm) started direct rhizogenesis 
after 20 days of inoculation. Initiation of callogenesis was 
observed after 35 days of inoculation and callus almost occupied 
the whole leaf surface after 40 days of inoculation. Indirect 
rhizogenesis was induced in 45 days old cultures (Hist.9). Roots 
were covered with root hairs and also showed green pijgmentation 
after 60 days of inoculation (Fig. 15,a). 
Leaf explants inoculated on MS basal medium supplemented 
with IBA (2mgr ' ) + NaCl (O.lppm) started callogenesis after 22 
days of inoculation. Callus was light green in colour and nodular 
in nature. Growth of callus was fast and followed by indirect 
rhizogenesis, 30 days of inoculation. Rooting became profuse after 
45 days of inoculation (Hist.9). Roots with green pigmentation 
were observed in 55 days old cultures. Roots were covered with 
dense root hairs (Fig. 15, b). 
Leaf explants inoculated on MS basal medium fortified with 
BAP ( 2 m g r ' ) + NaCl (0.2ppm) exhibited swelling of lamina after 
10 days of inoculation. Callogenesis was observed after 20 days of 
inoculation and continued till 35 days of culture. Callus was 
greenish brown in colour and nodular in nature. Indirect 
rhizogenesis initiated after 42 days of inoculation (Hist.9). Roots 
were covered with root hairs (Fig. 15,c). 
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Leaf explants inoculated on MS basal medium fortified with 
IBA (2mgr ' ) + NaCl (O.Sppm) started callogenesis after 20 days 
of inoculation. Few direct roots were also noticed but the fast 
growing callus covered the whole leaf surface after 35 days of 
inoculation. Callus was found to be light brown in colour. Profuse 
rooting from callus started after 42 days of culture (Hist.9). Roots 
were covered with dense root hairs and green pigmentation 
observed at their tips (Fig. 15,d). 
Leaf explants cultured on MS basal medium augmented with 
NAA (2mgl"') + IBA (2mgr ' ) along with NaCl (1.0 ppm) exhibited 
direct rhizogenesis from the midrib portion after 20 days of 
inoculation. Callogenesis also started from the leaf margins after 
25 days of culture. Callus was brown in colour. Gradually major 
part of the explant had turned into a callus mass. Indirect 
rhizogenesis was observed in 35 days old cultures (Hist.9). Roots 
were covered with dense roots hairs and few of them showed green 
pigmentation (Fig. 15,e). 
3.1.4 Subculturing 
The calli along with roots, which were obtained on MS basal 
medium fortified with NAA (2mgr ' ) + NaCl (0.1, 0.2, 0.5 ppm), 
IBA (2mgr ' ) + NaCl (0.1, 0.2, 0.5 ppm) and NAA (2mgr ' ) + IBA 
(2mgr ' ) + NaCl (0.5, l.Oppm) were further subcultured on MS + 
BAP (2mgr ' ) + lAA (Imgl ' ' ) and it was observed that multiple 
shoot buds were induced after 7 days of transfer (Fig. 16, a). 
Roots proliferated and showed green pigmentation after 2 weeks of 
transfer (Fig. 16, b). After 30 days of subculturing these green 
roots also showed the potentiality of shoot bud differentiation, 
which further proliferated into shoots (Figs. 16, c & d). Healthy 
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regenerated shoots were obtained after 45 days of subculture (Fig. 
e & f). 
3.1.5 Acclimatization 
Plantlets with well-differentiated shoots and roots were 
transferred to a plastic pot containing sterile mixture of soil and 
soil-rite in 3:1 ratio (Fig.17, a), covered with a polythene bags to 
maintain a high humidity. They were kept in a growth chamber 
25+2°C for 15 days and then transferred to earthen pots containing 
pure garden soil. Plantlets grew well in vivo and reared till 
maturity. An average of 80% survival rate was recorded. 
3.2 Sansevieria zeylanica (Linn.) Willd. 
3.2.1 Leaf explants 
Leaf discs inoculated on MS basal medium showed no 
response in vitro upto 30 days of inoculation. Later on, the explant 
started drying (Hist. 10). 
Leaf discs cultured on MS basal medium supplemented with 
NAA (5mgr ' ) + BAP (0.5mgr^) started callogenesis after 25 days 
of inoculation. Callus initiation started from the surface of explant 
in contact with the medium. Callus was creamy white in colour 
and nodular in nature (Fig. 18,a). Growth of callus was relatively 
slow (Hist. 13). 
Leaf discs cultured on MS basal medium fortified with 2,4-D 
(2mg' ') + Kn (O.Smgl"') started callusing after 20 days of 
inoculation. Growth of callus was faster and after 35 days of 
inoculation a considerable amount of callus mass was obtained 
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(Hist. 13). Callus was yellowish white in colour and somewhat 
friable in nature (Fig. 18,b). 
Leaf discs inoculated on MS basal medium supplemented 
with Kn (2mgr ' ) induced callogenesis after 20 days of 
inoculation. The growth of callus was found to be slow till 35 days 
of inoculation (Fig. 18,c). However, there was a gradual increase 
in callus growth and a large amount of callus was obtained after 
62 days of inoculation (Hist.11). Callus was yellowish white in 
colour and friable in nature (Fig. 18,d). 
Leaf discs cultured on MS basal medium supplemented with 
2,4-D (2mgr ' ) showed callus initiation after 20 days of 
inoculation. Growth of the callus was found to be very slow (Fig. 
18,e). After 45 days of inoculation small amount of callus was 
obtained (Hist. 11). Callus was light green in colour and compact 
in nature (Fig. 18,f). 
Leaf discs inoculated on MS basal medium supplemented 
with NAA (5mgr ' ) showed direct rhizogenesis after 25 days of 
inoculation (Fig. 19, a). Root initiation was observed from the 
dorsal surface of the explant was not in contact with the medium. 
After 40 days of inoculation both the number of roots and root 
length increased (Hist. 10). Roots were covered with root hairs 
(Fig. 19,b). 
Leaf discs inoculated on MS basal medium fortified with 
IBA (2 mgl' ') showed late induction of rhizogenesis after 35 days 
of inoculation. Roots were 5-6 in number and embedded in the 
nutrient medium. Growth of roots found to be relatively slow (Fig. 
19,c). After 45 days of inoculation subculturing was done on MS 
medium containing a high concentration, of IBA i.e. Smgl ' , 
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increase in root length was observed and slight callusing also 
initiated at the cut end after 35 days of transfer. Indirect 
emergence of shoot bud was observed after 45 days of inoculation 
(Fig. 22,d; Hist.11). 
Leaf discs cultured on MS basal medium fortified with lAA 
(5mgr ' ) started callusing after 25 days of inoculation. Callus 
initiated from the ventral surface of the explant found to be 
nodular in nature and brown in colour. Indirect rhizogenesis was 
observed 35 days of inoculation were 4-6 in number and covered 
with root hairs (Fig. 19, d; Hist.12). 
Leaf discs inoculated on MS basal medium supplemented 
with NAA (3mgr ' ) exhibited callogenesis from the lower cut end 
followed by rhizogenesis after 25 days of inoculation. Callus was 
light green and nodular in nature (Fig. 20,a). Growth of callus was 
fast enough and after 40 days of inoculation major part of the 
explant was covered with friable and nodular callus (Fig. 20,b). 
On 45"^ day of inoculation numerous roots were observed 
(Hist.10). These roots showed green pigmentation. Change in 
colour of the callus was observed from light green to light brown 
and increase in friability was noticed after 52 days of inoculation 
(Fig. 20,c). 
Leaf discs inoculated on MS basal medium augmented with 
NAA (4mgr ' ) exhibited callus initiation after 25 days of 
inoculation. Growth of the callus was moderate. Major portion of 
the callus was light yellow with few green patches, overall showed 
nodular nature. 3-4 roots were induced indirectly after 40 days of 
inoculation (Hist. 10). Roots were whitish in colour and were 
covered with root hairs (Fig. 20,d). 
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Leaf discs cultured on MS basal medium supplemented with 
lAA (2mgr ' ) showed slight swelling of explant after 25 days of 
inoculation. Initiation of callogenesis observed in 35 days old 
cultures. Growth of callus was found to be slow (Hist.11). Callus 
was smooth in nature and yellowish in colour (Fig 21,a). 
Leaf discs inoculated on MS basal medium supplemented 
with BAP (2mgr ' ) + NAA (O.Smgl'') showed direct emergence of 
shoot bud after 35 days of inoculation. The growth of shoot bud 
was very slow (Hist. 13), and no remarkable development was 
observed even after 65 days of inoculation (Fig. 21,b). 
Leaf discs cultured on MS basal medium augmented with 
IBA (2mgr ' ) + Kn (0.5mgr ' ) started callogenesis after 15 days of 
inoculation. Indirect rhizogenesis initiated after 25 days of 
inoculation and the first root was found to be green in colour. 
Later, few more roots were induced. Callus was nodular in nature 
and almost brown in colour with few green patches (Fig. 21,c). 
Few shoots buds were induced indirectly after 35 days of culture. 
Growth of shoot buds was found to be slow (Hist. 13), as they 
could not proliferate even after 60 days of inoculation (Figs. 21,d 
& e). Sub-culturing was done on MS medium fortified with IBA 
(5mgr ' ) . In the first week of transfer an increase in the callus 
growth was observed however the colour and nature of callus 
remained unchanged (Fig. 21,f). After 15 days both caulogenesis 
and rhizogenesis were induced (Fig. 22,a). Proliferation of shoot 
and root continued on the same medium upto 45 days of transfer 
(Fig. 22,b). Shoots were healthy and roots were fairly thick and 
also covered with dense root hairs. Few shoot buds were also seen 
originating, from the callus on 50"' day of transfer. Healthy 
growing plantlets were obtained (Fig. 22,c). 
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Leaf discs inoculated on MS basal medium fortified with 
IBA (5mgr ' ) showed callogenesis after 15 days of inoculation. 
Soon after, indirect shoot buds were induced 20^'' day of 
inoculation (Figs. 23, a & b). Growth of callus was found to be 
very slow however continuous increase in the shoot length was 
observed on 30^'' day of inoculation (Fig. 23,c), Shootlets were 
excised and subcultured separately on a rooting medium 
containing 1/3MS + NAA (2mgr ' ) . Both the shoots kept in 
different culture tubes exhibited rhizogenesis. Initiation of 
rhizogenesis was observed after 45 days of transfer. Callogenesis 
was also seen from the cut end after 60 days of inoculation but 
growth of the callus was moderate (Hist. 12). Roots were covered 
with root hairs (Fig. 26, a-f). 
Leaf discs cultured on MS basal medium supplemented with 
BAP (5mgr ' ) exhibited swelling at the margins 15 days of 
inoculation. Callogenic response was observed after 25 days of 
inoculation. Shoot bud was induced from the callus 35"' day of 
inoculation (Fig. 23,d). Proliferation of both callus and shoot bud 
was found to be quite slow (Hist. 12). However after 40 days of 
inoculation growth of callus was almost stunted and the callus had 
turned brown in colour. Growth of shoot bud increased slightly 
after 45 days of inoculation (Fig. 23, e). 
Leaf discs inoculated on MS basal medium supplemented 
with BAP (2mgr ' ) + lAA (0.5mgr ' ) exhibited callogenesis after 
25 days of inoculation. Callus was smooth and brown in colour. 
Callus growth was found to be very slow. Indirect caulogenesis 
started after 45 days of inoculation (Hist. 13). Two shoot buds 
were induced but further proliferation was not observed upto 60 
days of inoculation (Fig. 24,a). 
OBSERVATIONS AND RESULTS 
Leaf discs inoculated on MS basal medium augmented with 
IBA (4mgr*) exhibited callogenesis after 20 days of inoculation. 
Growth of the callus was fast (Hist.13). Callus found to be nodular 
in nature and yellowish brown in colour. After 45 days of 
inoculation single shoot bud was induced which further showed 
proliferation (Fig. 24,b). Subculturing was done on MS medium 
supplemented with a low concentration of IBA (2mgr ' ) . Vigorous 
growth of callus and further elongation of shoot was observed 
after 15 days of transfer. After 20 days of subculture few shoots 
and roots were also induced indirectly (Fig. 24,c). 
Leaf discs inoculated on MS basal medium augmented with 
NAA (2mgr ' ) showed callogenesis after 20 days of inoculation. 
Callus was yellow in colour and nodular in nature. Growth of 
callus was found to be rapid. Indirect caulogenesis was observed 
after 40 days of inoculation. 1-2 roots were also induced after 45 
days of inoculation (Fig. 24,d; Hist.10). 
Leaf discs inoculated on MS basal medium augmented with 
NAA (Imgl ' ' ) showed a late response i.e. after 45 days of 
inoculation. Few embryoid-like structures were observed from the 
surface of explant in contact with the nutrient medium (Hist. 10). 
No further growth was noticed even after 65 days of inoculation 
(Fig. 25,a). 
Leaf discs cultured on MS basal medium supplemented with 
2,4-D (5mgr ' ) exhibited embryogenic callus after 25 days of 
inoculation. Few heart- shaped structures were also observed on 
35^'' day of inoculation (Hist.12). Callus was somewhat yellowish 
in colour (Figs. 25, b & c), further, subcultured on MS media 
fortified with 2,4-D (2mgr ' ) and 2,4-D (Smgl' ') resulted in callus 
formation in both the cases respectively (Figs. 25,d & e). 
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3.2.2 Acclimatization 
Rooted plantlets thus obtained were transferred to plastic 
pots containing sterile mixture of soil and soil-rite (3:1), covered 
with a plastic bag to maintain high humidity. They were kept in 
the growth chamber at 25+2°C for about 10-12 days. After that, 
the polythene bags were removed and plants were transferred to 
pots containing earthen soil (Figs.27, a-c). Almost 75% of the 
plants survived in vivo. 
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EXPLANATION OF FIGURE - i 
a) Leaf explant showing compact, light green and nodular 
callus on MS + 2,4-D (Imgl' '), 35 days of inoculation. 
b) Friable, green callus developed from leaf explant on MS + 
NAA (Smgl'') after 35 days of inoculation. 
c) Leaf explant showing greenish yellow and nodular callus on 
MS + Kn (2mgr'), after 30 days of inoculation. 
d) Leaf derived callus, further subcultured on 2,4-D (2mgr') + 
Kn (0.5 mgl"') showing very little amount of callus, after 35 
days of transfer. 
fg- friable green ; n- nodular 
Figure - 1 
EXPLANATION OF FIGURE - 2 
a) Appearance of multiple shoot buds on MS medium fortified 
with BAP (Smgl"') and initiation of callogenesis after 20 
days of inoculation. 
b) Multiple shoot bud originating from the lower midrib region 
on MS + BAP (2mgr') after 10 days of inoculation. 
c) Multiple shoot buds on the dorsal surface and callusing at 
the ventral surface on MS + BAP (2mgr') after 35 days of 
inoculation. 
d) Direct appearance of multiple shoot buds after 20 days of 
inoculation on MS medium supplemented with lAA (2mgr'). 
Shb-Shoot buds 
Figure - 2 
EXPLANATION OF FIGURE -3 
a) Twelve days old culture showing direct rhizogenesis on MS 
+ IBA (2mgr ' ) + Kn (O.Smgr'). 
b) Thirty days old culture showing yellowish callus with 
indirect rhizogenesis on MS + IBA (2mgr ' ) + Kn (O.Smgr'). 
Roots with green pigmentation. 
» 
c) Twenty days old culture showing direct and indirect rooting 
on MS + IBA (2mgl-') + Kn (O.Smgl"'). 
d) Callus initiation on MS + BAP (5mgl"') + (O.Smgl"'). 
Indirect rhizogenesis observed after 20 days of inoculation. 
e) Enhanced callus growth and profuse rhizogenesis observed 
after 30- days of inoculation. Callus green, compact and 
having nodular patches. 
f) Direct and indirect rhizogenesis 25 days of inoculation. 
Yellowish and nodular callus obtained on MS + NAA (5 
mgl-'). 
dr- direct rhizogenesis ; ir- indirect rhizogenesis ; 
n- nodular 
Figure - 3 
EXPLANATION OF FIGURE - 4 
a) Emergence of direct roots in 10 days old cultures on MS + 
NAA (5mgl-') + BAP (0.5mgl-'). 
b) Direct and indirect rhizogenesis observed in 35 days old 
cultures on MS + NAA (4mgr'). 
c) Callus along with shoots subcultured from BAP (5mgr') to 
BAP (2mgr^) + Kn (O.Smgl"^) showing increment in callus 
growth after 30 days of transfer. 
d) Nodular green callus subcultured on MS + BAP (Smgl"') + 
NAA (O.Smgl'') induced caulogenesis after 30 days of 
transfer. 
dr- direct rhizogenesis ; ir- indirect rhizogenesis ; 
Shb- Shoot buds; r-roots 
Figure - 4 
EXPLANATION OF FIGURE - 5 
a) Formation of callus and initiation of rhizogenesis observed 
after 12 days of culture on MS + NAA (Imgl"'). 
b) Fast growing callus with well developed primary and 
secondary roots on MS + NAA (Imgl'*) in 5 weeks culture. 
c) Callogenesis and direct rhizogenesis in 21 days old cultures 
on MS + IBA (Imgr ') . 
d) Callogenesis and direct rhizogenesis on MS + IBA (Smgl"^). 
Indirect rhizogenesis observed in 20 days old cultures. 
dr- direct rhizogenesis ; ir- indirect rhizogenesis 
Figure - 5 
EXPLANATION OF FIGURE - 6 
a) Callogenesis followed by indirect rhizogenesis observed on 
MS + IBA (5mgr'). Embedded roots showing no root hairs. 
Single shoot bud induced in 45 days old culture. 
b) Multiple shoots emerging directly from the midrib portion 
in 30 days old culture (Dorsal view). 
c) Profuse rhizogenesis (Ventral view). 
ir- indirect rhizogenesis; msh- multiple shoots; 
Shb- Shoot buds ; r- roots 
Figure - 6 
EXPLANATION OF FIGURE - 7 
a) Indirect rhizogenesis and caulogenesis was observed in 
twenty days old cultures on MS + IBA (4mgr'). 
b) Indirect caulogenesis and rhizogenesis was observed on MS 
+ NAA (Imgr ') in 3 weeks old cultures. 
Sh- Shoot; ir-indirect rhizogenesis 
Figure 7 
EXPLANATION OF FIGURE - 8 
a) Compact, nodular and light green callus observed in 35 days 
old cultures on MS + 2,4-D (2mgr'). 
b) Rapid growing friable, yellowish white callus obtained from 
5 weeks old cultures on MS + Kn (2mgr'). 
c) Callus obtained from MS + Kn (2mgr'), subcultured on IBA 
(2mgr') + Kn (O.Smgl'') showing yellowish brown colour 
after 35 days of transfer. 
n- nodular; Yw- Yellowish white; YBr- Yellowish Brown 
Figure - 8 
EXPLANATION OF FIGURE - 9 
a) Callus observed on MS + BAP (Imgl' '). Indirect 
caulogenesis observed after 30 days of inoculation. 
b) Poor callusing and direct caulogenic effect of MS + BAP 
(Smgl''), observed after 30 days of inoculation. 
c) Multiple shoot buds observed after 15 days of inoculation on 
MS + NAA (5mgr') + BAP (CSmgl''). 
d) Numerous shoot buds observed in 30 days old cultures on 
MS + BAP (5mgr') + NAA (O.Smgl''). 
Sh- Shoot; Shb- Shoot bud 
Figure - 9 
EXPLANATION OF FIGURE - 10 
a) Initiation of callogenesis observed on MS + IBA (3mgl"'). 
Axillary bud proliferation observed after 20 days of 
inoculation. 
b) Enhanced growth of axillary shoot and differentiation of 
multiple shoots from the callus in 35 days old cultures on 
MS + IBA (3mgr'). 
c) Multiple shoot buds directly from the nodal segment in 35 
days old cultures on MS + lAA (2mgr'). 
d) Direct rhizogenesis followed by callogenesis observed on 
MS + NAA (3mgr'). Also, indirect rhizogenesis and 
caulogenesis noticed in 35 days old cultures. 
ir- indirect rhizogenesis ; Sh- Shoot ; Shb- Shnnt hnH 
Figure - 10 
E X P L A N A T I O N OF F I G U R E - l i 
a) Callogenesis, indirect rhizogenesis and elongation of 
axillary shoot observed in 28 days old cultures on MS + 2,4-
D (2mgr ' ) + Kn (0 .5mgr ' ) . . 
b) Nodal segments exhibiting callogenesis and direct 
rhizogenesis on MS + IBA (2mgr ' ) + Kn (0 .5mgr ' ) . Axillary 
bud proliferation, indirect rhizogenesis and indirect 
caulogenesis observed in 25 days old culture. 
c) Light green friable callus obtained on MS + IBA (Smgl' '). 
Indirect rhizogenesis observed after 25 days of inoculation. 
d) Yellowish callus induced after 10 days of inoculation. Direct 
and indirect rhizogenesis observed on MS + NAA (4mgr ' ) . 
dr- direct rhizogenesis ; ir- indirect rhizogenesis ;Sh- Shoot 
Figure - 11 
EXPLANATION OF FIGURE - 12 
a) Shoot induction on MS + IBA (2mgr'), and root initiation in 
15 days old cultures. 
b) Proliferation of roots & shoot as well as in vitro flowering 
on MS + IBA (2mgr'). 
c) Callogenesis from the end as well as elongation of axillary 
shoot bud on MS + IBA (Smgl"'). 
fb- flower bud ; fl-flower ; Sh- Shoot ; r- root 
Figure - 12 
EXPLANATION OF FIGURE - 13 
a) Shoots obtained on lAA (2mgr') when subcultured on MS + 
NAA (5mgr') showing profuse rhizogenesis. 
b) Curling of leaf primordia and green roots formation on MS + 
NAA (5mgr') in 25 days old cultures. 
c) Multiple shoots, direct and indirect rhizogenesis MS + NAA 
(2mgr') shoot showing a length of about 13cm. In vitro 
flowering observed. 
d) Direct shoot induction and rhizogenesis observed on MS + 
IBA (Imgl''). Indirect rhizogenesis observed in 40 days old 
cultures. 
dr- direct rhizogenesis ; Sh- Shoot ; r- root 
Figure - 13 
E X P L A N A T I O N OF F I G U R E - 14 
a) Indirect induction of shoots buds after 60 days of 
inoculation on MS + NAA (2 mgl' ') + NaCl 
(O.lppm). Profuse rhizogenesis exhibited, roots 
covered with dense root hairs. Showing light green, 
nodular and friable callus. 
b) Slightly proliferated shoot buds after 75 days of 
inoculation on MS + NAA (2 mgl' ') + NaCl 
(0.2ppm). 
c) Profuse rhizogenesis on MS + NAA (2 mgl"') + 
NaCl (0.2ppm) after 75 days of inoculation. Roots 
further divided into secondary and tertiary roots. 
d) Showing multiple shoots on MS + NAA (2 mgl"') + 
IBA (2 mgl"') + NaCl (0.5ppm) after 65 days of 
inoculation. Direct and indirect well developed 
roots also seen. 
msh- multiple shoots; Sh- Shoot; r-root 
Figure - 14 
EXPLANATION OF FIGURE - 15 
a) Callogenesis direct and indirect rhizogenesis from the 
leaf explants on MS + NAA (2 mgl'') + NaCl 
(0.5ppm). Roots showing green pigmentation and 
covered with dense root hairs in 45 days old cultures. 
b) Callogenesis and indirect rhizogenesis from the leaf 
explants on MS + IBA (2 mgl"') + NaCl (O.lppm). 
Roots with green pigmentation observed in 50 days 
old cultures. 
c) Leaf explant showing greenish brown and nodular 
callus on MS + IBA (2 mgl"') observed in 42 days old 
cultures. 
d) Callogenesis and profuse indirect rhizogenesis in 42 
days old cultures on MS + IBA (2 mgl"') + NaCl 
(0.5ppm). Roots showing green pigmentation and 
dense roots hairs. 
e) Callogenesis, direct and indirect rhizogenesis 
observed after 20 days of inoculation on MS + NAA 
(2 mgl"') + IBA (mgl"') + NaCl (Ippm). Roots 
showing green pigmentation. 
gpr- green pigmented root; ir- indirect rhizogenesis 
Figure - 15 
EXPLANATION OF FIGURE - 16 
a) Calli obtained from salt stress conditions further 
subcultured on MS + BAP (2 mgl"') + lAA (1 mgl"') 
showed shoot bud initiation in 7 days old 
subcultures. 
b) Green pigmented roots showing direct shoot bud 
initiation after 2 weeks of subculture. 
c) Prominent shoot bud proliferation of multiple 
shoots buds directly from the calli. 
d) Showing multiplication of shoot buds in 25 days old 
subcultures. 
e) Proliferations of shoot buds after 30 days of 
transfer. 
f) Elongation of shoot buds in 30 days old subculture. 
gpr- green pigmented root; msh- multiple shoots; 
Shb-Shoot bud 
Figure - 16 
EXPLANATION OF FIGURE - 17 
a) Regenerated plantlets obtained from various PGR's were 
successfully acclimatized on 3:1 ratio of soil & soil- site in 
plastic pots. 
b) Healthy plantlets transferred in pots containing earthen soil. 
c) Plantlets regenerated under salt stress conditions were 
successfully acclimatized on 3:1 ratio of soil and soil-rite in 
plastic pots. 
d) Healthy growing plantlets transferred to earthen pots. 
Figure - 17 
EXPLANATION OF FIGURE - 18 
a) Callusing from ventral surface of the explants cultured on 
MS + NAA (Smgl"') + BAP (0.5 mgl''). Callus creamy white 
and nodular in nature. 
b) Fast growing callus obtained on MS + 2,4-D 
(2 mgl'') + Kn (0.5 mgl"') after 35 days of inoculation. The 
callus yellow and friable. 
c) Callus appeared after 20 days of inoculation on MS + Kn (2 
mgl-'). • 
d) Enlargement of callus after 62 days of inoculation. Callus 
yellowish white and friable. 
e) Callus initiation on MS + 2,4-D (2 mgr') after 20 days of 
inoculation. 
f) Proliferation of callus after 45 days of inoculation. Callus 
light green and compact. 
n- nodular 
Figure - 18 
EXPLANATION OF FIGURE - 19 
a) Direct rhizogenesis after 25 days of inoculation on MS + 
NAA (5 mgr') . 
b) Root growth and multiplication became steady after 40 days 
of inoculation. 
c) Direct rhizogenesis on MS + IBA (2 mgl'') after 35 days of 
inoculation. Roots embedded in the nutrient medium. 
d) Callogenesis obtained on MS + lAA (5 mgl"'), callus light 
brown and nodular. Indirect rhizogenesis observed on 30"^ 
day of inoculation. 
dr-direct rhizogenesis; ir- indirect rhizogenesis 
Figure - 19 
EXPLANATION OF FIGURE - 20 
a) Callogenesis from the lower cut end of leaf cultured on MS 
+ NAA (3 mgl"') after 25 days of inoculation. 
b) Further proliferation of callus mass covering major portion 
of explant after 40 days of inoculation. 
c) Indirect rhizogenesis observed on 45"' day of inoculation 
from light brown and friable callus. Roots with green 
pigmentation. 
d) Callogenesis exhibited on MS + NAA (4 mgl"'). 
Rhizogenesis induced in 40 days old cultures. 
gpr-green pigmented root; r- root 
Figure - 20 
EXPLANATION OF FIGURE - 21 
a) Small amount of callus obtained on MS + lAA 
(2 mgl"') after 35 days of inoculation. 
b) Direct emergence of shoot bud after 35 days of inoculation 
on MS + BAP (5mgl-') + NAA (0.5 mgr') . 
c) Callogenesis and direct rhizogenesis observed on MS + IBA 
(2 mgl'') + Kn (0.5 mgl"') after 25 days of inoculation. Roots 
showing green pigmentation. 
d) Proliferated callus with few induced shoot buds after 35 days 
of inoculation. 
e) Showing very slow growth of shoot buds. 
f) Callus subcultured on MS + IBA (5 mgl"') showing increase 
in callus growth after 7 days of transfer. 
gpr- green pigmented root; Shb- Shoot bud 
Figure - 21 
EXPLANATION OF FIGURE - 22 
a) Caulogenesis and rhizogenesis induced after 15 days of 
subculture on MS + IBA (5 mgl"'). 
b) Proliferation of shoot and root initiated after 45 days of 
transfer. Roots covered with root hairs. 
c) Healthy growing plantlets obtained from 50 days old 
subcultures. 
Shb- Shoot bud; Sh- Shoot; r- root 
Figure - 22 
EXPLANATION OF FIGURE - 23 
a ik. b) Callogenesis and caulogenesis observed after 20 days of 
inoculation on MS + IBA (5 mgl''). 
c) Callus showing stunted growth, whereas healthy growing 
shootlets obtained after 40 days of inoculation on MS+ 
IBA(5mgr'). 
d) Indirect emergence of shoot bud observed after 35 days of 
inoculation on MS + BAP (5 mgl"'). 
e) Slow proliferation of the callus and shoot bud observed 
after 40 days of inoculation on MS + IBA (Smgl"'). Callus 
compact and brown in colour. 
Shb-Shoot bud; Sh-Shoot 
Figure - 25 
E X P L A N A T I O N OF F I G U R E - 26 
a) Shoot obtained from MS + IBA (5 mgl"') were subcultured 
on a rooting medium, 1/3 MS + NAA (2 mgl' ') showing 
root initiation and callusing from the cut end of shootlet. 
b&c) Developmental stages after 45 and 60 days respectively. 
d) Shoots obtained from MS + IBA (5 mgl"') were subcultured 
on 1/3 MS + NAA (2 mgl' ') , exhibited root initiation after 
25 days of inoculation. 
e&f) Development stages after 45 and 60 days, respectively. 
Roots covered with root hairs. 
r- root 
Figure - 26 
EXPLANATION OF FIGURE - 27 
a) In vitro raised plants transferred to earthen pot containing 
pure garden soil. 
b) Rooted plantlets transferred to pot containing earthen soil. 
c) Successfully growing plantlet under field conditions (2 
months old) 
Figure 27 
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DISCUSSION 
CHAPTER-4 
DISCUSSION 
Plant tissue culture technique is being exclusively used for 
morphogenetic studies. In vitro organogenesis has been achieved 
in more than 1000 plant species (Brown and Thorpe 1986). 
Differentiation of plants, from cultured cells through shoot, root 
formation or somatic embryogenesis, can be the fastest method of 
shoot multiplication and cloning of plants species. 
MS basal medium has been most widely used for tissue 
culture studies. Leaf and nodal segments of Scoparia dulcis and 
leaf explants of Sansevieria zeylanica were successfully cultured 
on MS basal medium supplemented with different concentrations 
of auxins and cytokinins, singly as well as in various 
combinations. 
Leaf explants of Scoparia dulcis gave the best response with 
regard to callus induction. High intensity of callogenesis was 
observed on MS medium supplemented with four different 
concentrations of NAA (1 , 2, 3, and 5mgl' ') , IBA (4 mgl"'); 2,4-D 
(2 mgl"') and Kn (2 mgl' ') showed a moderate response whereas, 
lAA (2mgr ' ) failed to produce any response towards callus 
induction. Jadimath et al. (1998) reported callus development 
from the leaf explants of Guizotia spp. on medium containing lAA, 
NAA or 2,4-D in the wide range of 0.5-5mgr' . In case of leaf 
explants of Scoparia dulcis NAA in different concentration was 
found to be superior to lAA or 2,4-D for the induction of 
callogenesis. 
Explanis of Guizotia spp. cultured on medium containing 
BAP developed adventitious shoot buds within a period 4-6 weeks 
of culture. Similar results were obtained on leaf explants of S. 
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dulcis when cultured on MS + BAP (2 and Smgl"') in 1-2 weeks of 
culture. lAA (2mgr ' ) also induced best caulogenesis response in 
the cultures of Scoparia dulcis. However, Tejavathi and STiailaja 
(1999) found lAA to be very effective for induction of multiple 
shoots from leaf-derived callus at an optimum concentration of 
5mgl-V 
Usually, lAA is known for its promotory role on 
rhizogenesis (Thorpe 1978). In the present study, lAA nowhere 
showed rhizogenesis in the leaf explants of Scoparia dulcis. It is 
well established that proper ratio of cytokinin and auxins is 
necessary for morphogenesis leading to the formation of complete 
plants (George and Sherington, 1984). In the present investigation 
leaf explants showed callusing, direct and indirect rhizogenesis on 
IBA (2mgl' ') + Kn (O.Smgl''). Usha and Swamy (1998) reported 
best root induction from the seedling explants of Artemisia annua 
on MS basal medium supplemented with IBA (2mgr ' ) alone. But 
Fulzele et. al. (1991), observed rooting in regenerated shoots of 
Artemisia annua on a medium supplemented with NAA (Ippm) + 
Kn(O. lppm). 
Leaf explants of Scoparia dulcis cultured in vitro on MS 
basal medium containing various levels of sodium chloride (NaCl), 
MS + NAA (2mgl"') + NaCl (O.lppm) showed callogenesis. The 
regenerated shoots failed to elongate in the same medium and 
showed stunted growth. Similar results were reported by Ali et. 
al., (1997) in Bacopa cultures where the cultures grown on a 
medium supplemented with NaCl (Smgl' ') showed reduced length 
from the regenerated shoots. Present findings clearly indicates that 
maximum regenerants were obtained on MS + NAA (2mgr ' ) + 
NaCl (0.2ppm) and NAA (2mgr ' ) + IBA (2mgr ' ) + NaCl 
(0.5ppm). Regenerants were acclimatized which grew well in vivo. 
so 
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Paul and Ghosh (1986) selected two lines of Oryza sativa growing 
successfully at 1% and 1.5% NaCl. Only few workers have claimed 
the heritability of salt tolerance. Our work also shows that, calli 
obtained under salt stress conditions when further subcultured on 
NaCl free media gave regenerated plantlets. It is also evident that 
the tolerance acquired through step- wise exposure of salt is more 
promising than through shock treatment. 
Nodal explants of Scoparia dulcis showed an overall 
moderate response on the development, formation and growth of 
callus. Albeit callogenesis was observed with the addition of Kn 
(Imgl"') in the medium. Present studies also corroborate the 
earlier reports of Sharma and Dhiman (1998) indicating that higher 
concentrations of the cytokinin induced the formation of white 
friable callus in cultures oi Paulownia hybrid. 
Caulogenic response was found to be better in the nodal 
explants of Scoparia dulcis and was observed on MS medium 
supplemented with NAA (2mgr ' ) , IBA (1 , 2mgr ' ) , BAP (5 mgl' ') 
and 2,4-D (2mgr ' ) + Kn (O.Smgl''). However, Sharma and 
Dhiman (1998) also reported formation of multiple shoots on MS + 
NAA (l.Omgl"') along with high concentration of BAP (2 .0mgr ' ) . 
In vitro flowering was observed from nodal explants of 
Scoparia dulcis cultured on IBA (1 , 2, 4 mgl' ' ) , NAA (2mgr ' ) and 
2,4-D (2mgl"') + Kn (O.Smgl"'). Whereas, Shevade et. al., (1997) 
induced in vitro flowering from nodal explants of Phlox 
drummondii on MS basal medium augmented with lAA, Kn and 
BAP. In vitro flowering has also reported from different explants 
of several plant species (Scorza 1982, Bernier 1988, Msikita et. al. 
1990, Peters, et. al. 1991, Shevade and Preece 1993). 
lAA, NAA and IBA are the most frequently used auxins to 
effect rhizogenesis. In some explants, rooting has been 
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preferentially induced by auxin mixtures (Mascarehas et. al. 1982, 
Kotwal Mridula et. al. 1983). However, in the present 
investigation rhizogenesis was best induced on MS medium 
supplemented with IBA(1, 2 and Smgl' '), NAA (Smgl' '), auxin-
cytokinin amalgamation i.e. 2,4-D (2mgr ' ) + Kn (O.Smgl"^) and 
IBA (2mgr ' ) + Kn (O.Smgl'^) also yielded considerably good 
results showing direct and indirect rhizogenesis. 
Dhenuka et. al., (1999) observed proliferation callus from leaf 
explants of Curculigo orchioides on MS medium supplemented 
with BA (9^M) and calli subcultured on MS + BA (1.1 nM) 
developed shoots in vitro. The results of present investigation 
showed extensive growth of calli, obtained from leaf explants of 
Sansevieria zeylanica on NAA (2, Smgl"'), IBA (4mgr ' ) , 2,4-D 
(2mgr ' ) + Kn (O.Smgl'') and BAP however induced a relatively 
slow growing callus. Moreover, it was observed that moderately 
growing calli obtained on MS + IBA (2mgr ' ) + Kn (O.Smgl''), 
when subcultured on a high concentration of IBA (Smgl'"), 
induced caulogenic and rhizogenic responses. However, 
Abhyankar & Chinchanikar (1996), observed emergence of shoot 
buds from the leaf discs of Withania somnifera cultured on MS + 
lAA (0 .4mgr ' ) + Kn (0.2mgl-') + BAP (Imgl"'). In Withania, high 
cytokinin, low auxin ratio proved important for direct 
organogenesis in the leaf discs similarly in Sansevieria zeylanica, 
BAP (5mgr ' ) + NAA (O.Smgl"') induced direct caulogenesis in 
vitro. Various concentrations of auxins and cytokinin induced 
rooting from the leaf explants oi Sanseviera, directly as well as 
indirectly. Best direct response was elicited on NAA (Smgl' '), IBA 
(2mgr ' ) and 2,4-D (2mgr ' ) . Similarly, Ramavat et. al. (1977) 
reported rhizogenesis in Crotolaria spp. in most tissues and 
treatments. However, they observed marked effect of Kn in shoot 
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formation and root inhibition. On contrary, Kn was found to have 
an inhibitory effect both on shoot and root formation but a 
promotory effect was observed on callogenesis. Shoots of 
Sansevieria zeylanica obtained from IBA (Smgl"') were 
successfully rooted on 1/3MS+NAA (2mgr ' ) whereas, Anand el. 
al. (1997) observed profuse rhizogenesis in Alpinia galanga from 
in vitro raised shoots on 1/2 MS + NAA (2mgr ' ) . 
Lazzeri et. al. (1987), reported the effect of NAA on somatic 
embryogenesis of soybean. In case of Sansevieria zeylanica, 
embryogenic callus with few embryoid like structures were 
obtained on NAA (Imgl ' ' ) and 2,4-D (Smgl"'). But successful 
plantlets could not be raised on the same medium. Similarly, 
Vincent et. al. (1992) produced large number of embryogenic 
callus from, explants of Kaempferia galanga but embryogenesis 
occurred only when the auxin 2,4-D was replaced with NAA. 
Present investigations are of immense scientific utility 
which presents a dependable protocol for rapid multiplication of 
these two medicinally important plant species. 
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SUMMARY AND CONCLUSIONS 
Micropropagation of two medicinally important plants; 
Scoparia dulcis and Sansevieria zeylanica was worked out in order 
to record their morphogenetic potential for regeneration. Plants 
were treated with different concentrations and combinations of 
various auxins and cytokinins. Leaf explants of Scoparia dulcis 
were tested.for salt stress conditions as well. 
Overall results have been summarized as follows: 
5.1 Scoparia dulcis 
5.1.1 Leaf explants 
Callogenesis was induced on leaf explants oi Scoparia dulcis 
on MS basal medium supplemented with different PGR's. Best 
callogenesis was observed on MS medium augmented with NAA 
(1,2,3 and 5 mgl"') and on IBA (4mgr ' ) . However , a moderate 
callus growth was noticed on NAA (4mgr ' ) , IBA (1,2, and Smgl" 
' ) , IBA (2 mgl"') + Kn (0.5 mgr ' ) , NAA (5 mgl"') + BAP (0.5 mgl" 
') and 2,4-D(2 mgr ' ) + Kn (0.5mgl"'). Low concentration of Kn 
(2mgr ' ) and 2,4-D (2mgr ' ) showed a poor morphogenic response 
even after various subcultures. 
Direct caulogenic response was best achieved on media 
supplemented with lAA (2mgr ' ) and BAP (2 ,5mgr ' ) and was 
found to be moderate on IBA (2 mgl' ' ) . Indirect caulogenesis was 
induced on low concentrations of NAA used singly (NAA 1 mgl' ') 
as well as in combination with BAP (5 mgl' ') + NAA (0.5 mgl"'). 
A relatively high concentration of IBA (4 mgl"') was found to be 
effective for inducing indirect caulogenesis in the leaf cultures. 
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le leaf explants was best exhibited 
on MS basal medium supplemented with IBA (2 mgl' ') + Kn (0.5 
mgl' ' ) , moderate on IBA (1 mgl' ') and poor when supplemented 
with NAA (4 m g r ' ) . 
Indirect rhizogenesis was best observed in leaf explants 
treated with IBA (2,5mgr ' ) . Whereas indirect rhizogenic response 
was found to be moderate, when MS media was supplemented with 
NAA (2,4 and 5 mgl"'), IBA (4 mgl"'), NAA (5 mgl"') + BAP (0.5 
mgl' ') and 2,4-D (2 mgl' ') + Kn (0,5 mgl'"). Comparatively poor 
results were obtained on MS + BAP (5 mgl"') + NAA (0.5 mgl"'). 
5.1.2 Nodal explants 
Among the various concentrations of auxins and cytokinins 
tested for callus induction in nodal explants of Scoparia dulcis, 
Kn (2mgr ' ) proved to be the best, whereas, moderate response 
were shown by 2,4-D (2mgr ' ) , NAA (4 mgl"') and IBA (Smgl' '). 
Use of PGR's in combinations was nowhere able to give best 
callogenic response. Only moderate growth was observed on 2,4-
D (2 mgl"') + Kn (0.5mgl"') and IBA (2 mgl"') + Kn (0.5 mgl"'). 
Callus obtained from these treatments showed an inhibited growth 
rate even after various days of culture. 
Out of various concentrations of PGR's used for the 
induction of direct caulogeneiss in nodal explants, IBA (1 mgl' ' ) , 
IBA (2 mgl"'), NAA (2 mgl"'), 2,4-D (2 mgl"') + Kn (0.5 mgl"') 
and BAP (5mgr ' ) showed best results with in vitro flowering. 
However, moderate effect of hormones on shoot formation was 
observed in case of IBA (4 mgl' ' ) and BAP (5mgr ' ) + NAA (0.5 
mgl"'). Directly induced shoots showed a considerable 
proliferation on the same medium. 
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Indirect caulcgenesis was not very pronounced in any 
treatment; somewhat better results were obtained on MS+BAP (2 
mgl"'), lAA (2 mgl"') and IBA (Smgl"'). Shoots obtained indirectly 
showed a poor rate of development on the same medium. 
Best results of direct rhizogenesis were obtained on MS + 
NAA (3mgr ' ) treatment. Direct roots were also noticed in case of 
MS + NAA (1,2 and 5 mgK'), IBA (2mgr ' ) and IBA (2mgr ' ) + Kn 
(0.5 mgl ' ' ) , which showed a moderate response. 
Calli exhibited indirect rhizogenesis and the best response 
was observed with IBA ( land 5 mgl' ') and IBA (2mgr ' ) + Kn 
(O.Smgl"'). A relatively moderate response was observed on NAA 
(2, 3 and 4 mgl"'). Both NAA and IBA in different concentrations 
proved effective for inducing direct and indirect rhizogenesis in 
the nodal explants. Combinations of auxins and cytokinin viz. IBA 
(2 mgl"') + Kn (0.5 mgl' ') showed a high degree response for 
direct and indirect rhizogenesis. 
5.1.3 Salt stress 
To assess the effect of salt stress on morphogenic potential 
of Scoparia dulcis L. leaf explants were grown in vitro on MS 
medium containing various levels of sodium chloride (NaCl). 
All the cultures grown under salt stress conditions showed 
callogenesis was observed on NAA (2 mgl' ') + NaCl (0.5ppm), 
IBA (2 mgl' ' ) + NaCl (0.2ppm), NAA (2 m g l ' ) + IBA (2 mgl' ') + 
NaCl (Ippm) was also found to be effective for callogenesis 
showing a moderate response. This shows that NaCl at low as well 
as at high concentration is capable of inducing callogenesis in the 
cultures. 
Direct caulogenesis from the leaf explants was not observed 
under salt stress conditions. However, indirect caulogenesis was 
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found to be best on NAA (2 mgl'') + NaCl (0.2ppm) and NAA (2 
mgl"') + IBA (2 mgl'') + NaCl (0.5ppm). A low concentration of 
NaCl [NAA (2 mgl'') + NaCl (O.lppm)] albeit showed 
caulogenesis from the callus but the shoot buds could not 
proliferate on the same medium. Whereas, shoots produced on 
NaCl (0.2ppm) and NaCl (0.5ppm) in combination with PGR's 
showed a considerable proliferation of shootlets and regenerated 
plantlets were obtained. 
Direct rhizogenesis was profuse in the cultures treated with 
NAA (2 mgl'') + NaCl (O.lppm). A high concentration of NaCl 
along with PGR's inhibited direct rhizogenesis. 
Indirect rhizogenesis was found to be profuse in NAA (2 
mgr') + NaCl (O.lppm), NAA (2 mgl"') + NaCl (0.2ppm) and IBA 
(2 mgl' ) + NaCl (O.Sppm). Moderate results were obtained in the 
rest of the treatments but the growth of roots was found to 
comparatively slow. Roots were covered with dense root hairs. 
5.2 Sansevieria zeylanica 
5.2.1 Leaf explants 
Among various combinations and concentrations of PGR's 
used to induce callogenesis in the leaf explants of Sansevieria 
zeylanica NAA (2 and Smgl'') and IBA (4 mgl'') proved to be the 
best. However, moderate callus growth was observed on 2,4-D (2 
mgr') + Kn (0.5 mgl"') and NAA (4 mgl"'). 
Results shows that direct caulogenesis was not very 
pronounced in case of Sansevieria cultures. Although a low 
concentration of NAA (i.e. NAA 1 mgl"') singly as well as in 
combination with a high concentration of BAP [BAP (5 mgl"') + 
NAA (0.5 mgl"')] shoot induction in vitro with a low intensity. 
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IBA alone at 4 and 5 mgl' ' and IBA along with Kn [IBA (2 
mgl"') + Kn (0.5 mgl' ')] induced indirect caulogenesis with better 
response. Also NAA (2 mgl"'), BAP (5mgl"') and 2,4-D (Smgl"') 
showed indirect caulogenesis with a low frequency. 
Direct rhizogenesis was observed on IBA (2 mgl ' ' ) , 2,4-D (2 
mgl" ) and NAA (5 mgl"') showing a moderate response. Various 
concentrations of NAA (2, 3 and 4 mgl"') and lAA (5 mgl"') 
showed indirect rhizogenesis from the calli. However, NAA (3 
mgl" ) showed a relatively better response in comparison to NAA 
(2 and 4 mgl"') and lAA (5 mgl"'), where the intensity was found 
to be low. 
Embryoid-like structures observed from the leaf explants of 
Sansevieria zeylanica on MS +NAA (1 mgl"') and 2,4-D (5 mgl' ' ) . 
Prominent heart shaped stage observed in the cultures, which 
gradually transformed into embryogenic calli. 
Present findings have led to the following conclusions: 
1) Among leaf and nodal cul tures of Scoparia dulcis leaf 
explants were found to be more respons ive for inducing 
ca l logenes is and cau logenes i s . 
2) It can be concluded that IBA at low concent ra t ion was 
found to be more effective for inducing direct 
rh izogenes i s from leaf explants of Scoparia dulcis, in 
compar ison to higher concent ra t ion of other auxins . 
3) In vitro f lowering, as a unique phenomenon was observed 
only from the nodal segments of Scoparia dulcis at low 
concent ra t ion of auxins . Auxins therefore , are 
respons ib le for the shor tening of breeding cycle of the 
plant . 
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4) Addi t ion of NaCl, to some extent can induce 
o rganogenes i s , in the leaf explant of Scoparia dulcis. 
The h ighes t concent ra t ion of NaCl tes ted in the present 
s tudy is 1 ppm, which was tolerable for the explants . 
Complete plants have been regenera ted from NaCl 
to lerant callus using BAP and lAA. 
5) In case of Sansevieria zeylanica, NAA was found to be 
the most effective growth regula tor for ca l logenes is 
whereas IBA alone or in combinat ion with Kn induced 
ca l logenes is in vitro. 
6) Presence of high concent ra t ion of 2,4-D ( 5 m g r ' ) 
p roduced embryo-l ike s t ruc tures from the leaf explant of 
Sansevieria zeylanica. This inves t iga t ion opens up the 
poss ib i l i t i es of u t i l iz ing vegeta t ive t i ssues for inducing 
somatic embryogenes i s , which can be appl ied as a tool 
for mic ropropaga t ion . 
7) Plant le t formation in S. zeylanica cul tures was achieved 
through the two-step o rganogenes i s ; the excised shoots 
rooted well in 1/3 MS + NAA (2 mgl" ') . 
8) The present inves t iga t ion has resul ted in a pro tocol , 
which could be used for the mass propaga t ion of these 
medic ina l plants and to obtain drugs of immense 
pharmaceut ica l re levance . 
SQ 

BIBLIOGRAPHY 
BIBLIOGRAPHY 
Abhayankar, G.A. and Chinchankar, G.S., 1996. Response of 
Withania somnifera Dunal. leaf explants in vitro; 
Phytomorphology, 6(3): 249- 252. 
AH, G., Purohit, M., Iqbal, M. and Sr ivastava, P.S., 1997. 
Morphogenic response and Isozymes of Bacopa monniera 
(L.) Wettst cultures grown under salt stress; 
Phytomorpholgy, 7(1): 97-106. 
All, G., Srivastava, P.S. and Iqbal, M., 1999. Proline 
accumulation, protein patterns and photosynthesis in Bacopa 
monniera regenerates grown under NaCl stress; Biologia 
Plantarum., 42(1): 89- 95. 
Anand, P.H.M., Harikrishnan, K.N., Martin, K.P. and 
Hariharan, M., 1997. In vitro propagation of Kaempferia 
rotunda L; Phytomorphology, 47(3): pp. 281-286. 
Arrebola , M.L., Scorro, O. and Verpoorte , R., 1997. 
Micropropagation of Isoplexis canariensis (L.) G. Don; PI. 
Cell, Tiss. Org Cult., 49(2): 117- 119. 
Batura j , S. and Gunasekaren K., 1993. Micropropagation of 
Tecoma stars (L) Kunth; Globisus (Jodhpur), 20(4): 241-
249. 
Bernier G., 1988. The control of floral evocation and 
morphogenesis; Ann. Rev.PI. Physiol. PI. Mol. Biol., 39: 
175- 219. 
Bhalsing S.R., and Maheshwari, V.L., 1997. In vitro culture and 
regeneration of Solanum khasianum and extraction of 
solasodine; J. PI. Biochem. Biotech., 6 (1): 39-40. 
BIBLIOGRAPHY 
*Brown, D.C. and Thorpe, T.A., 1986. Plant regeneration by 
organogenesis in: cell cultures and somatic cell genetics 1. 
(Ed; Vasil, I.K.). 49-65. Academic press. New York. 
Caruso, J.L., Calluhan, J., De Chant, C , Jayasimhulu, K. and 
Winget, G.D., 2000. Carnosic acid in green callus and 
regenerated shoots of Rosmarinus officinalis; Plant 
Cell Reports, 19(5): p. 500-503. 
Chopra V.L. and Narasimhulu S.B., 1991. In oilseed Brassicas in 
Indian Agriculture; pp. 257-301 cds V.L. Chopra & S. 
Prakash (New Delhi, India: Vikas Publ. House). 
*Clark R.B., 1992. Selection of plants to tolerate soil salinity, 
acidity and mineral deficiencies; Abstr. First Intt, Crop Sci. 
Cong. P 27; Jowa state Amer. Jowa USA, 14- 22 July. 
*Coliins H, A., and Dix P.J., 1990. Culture system and selection 
procedures; In Plant cell line Selection; Procedure and 
Application; pp 3- 18 ed. D.J. Dix (Cambridge, U.K.: VCH 
Weinhiem N.Y., Basel). 
DeBruyn, M.M., Ferreira, D.I., Slabbert, M.M. and Pretorious, 
J., 1992. In vitro propagation of Amaryllis belladona (Fam. 
Amaryllidaceae); PI. Cell Tiss. Org. Cult., 31(3): 179- 184. 
Dhenuka, S., Balakrishna. P. and Anand, A., 1999. Indirect 
organogenesis from the leaf explants of medicinally 
important plant Curculigo orchioides gaertn; J. PI. Biochem. 
Biotech., 8(2): 113-115 
Dobos, E., Danos, B., Laszlo. and Bencsik, A., 1994. Callus 
induction and shoot regeneration in Semperivivum tectorum; 
PI. Cell, Tiss. Org.Cult., 36 (1): 141- 143.] 
Emmanuel, S., Ignacimuthu, S. and Kathiravan, K., 2000. 
Micropropagation of Wedelia calendulacea LESS. A 
medicinal plant; Phytomorphology, 50 (2): 195-200. 
61 
BIBLIOGRAPHY 
Fulzeke, D.P., Sipahimalani, A.T. and Heble M.R., 1991. Tissue 
cultures of Artemisia annua, organogenesis and artemissium 
production; Pliytother. Res., 5: 149-53. 
George, E.F. and Sherrington, P.D. 1984. Plant propagation and 
micropropagation; In Plant Propagation by Tissue Culture; 
pp 58. eds. E.F. George and P.D.Sherrington (England; 
Exegetics Ltd.). 
Haberlandt, G., 1902. Kuturversuche mit isolierten 
Pflazenzellan- sber- Akad, Wiss. Wien., I l l : 454-461. 
Hamidah, M., Ghani, A., Karim, A. and Debergh, P., 1997. 
Somatic embryogenesis and plant regeneration in Anthurium 
scherzerianum; PI. Cell, Tiss. Org. Cult., 48(3): 189-193. 
Harikrishnan, K.N. and Hariharan, M., 1996. Direct shoot 
regeneration from nodal explants of Plumbago rosea L inn-
A medicinal plant; Phytomorphology, 46(1): 53- 58. 
Jadimath, V.G., Murthy, H.N., Pyati, A.N., Kumar A.G.H. and 
Ravishankar, B.V., 1998. Plant regeneration from leaf 
cultures of Guizotia abyssinica (Niger) and Guizotia scabra; 
Phytomorphology, 48: 131-135. 
*Jaiswal, V.S. and Amin, M.N., 1987. In vitro propagation of 
guava from shoot culture of mature trees; J Plant Physiol., 
130: 7 -12. 
Jaysaeelan, M. and Rao, M.V., 1998. In vitro propagation of 
Cardiospermum halicabum L National Conference on Recent 
Trends in Spices and Medicinal Plant Research, Calcutta 2-4 
April. 
Kotwal Mirdula, M., Gupta, P.K. and Mascarenhas, A.F., 1983. 
Practices and Problems; In Plant Propagation by Tissue 
Culture; pp 359 eds. E.F. George and P.D. Sherrington 
(England, U.K. Exegetics Ltd.). 
A? 
BIBLIOGRAPHY 
Kumar, S., Chander, S., Gupta, H. and Sharma, D.R., 1998. 
Micropropagation of Actinidia deliciosa from axillary buds; 
Phytomorphology, 48 (3): 303-307. 
Lazzeri, P.A., Hildebrandt; D.F. and Collins G.B., 1987. Soybean 
embryogenesis- Effect of hormones and culture 
manipulation; PI. Cell, Tiss. Org. Cult., 10: 197-208. 
Mascarenhas A.F., Hazara S., Potlar U., Kulkarni D.K. and 
Gupta, P.K., 1982. Practices and Problems; In plant 
propagation by tissue culture; pp. 359 eds. E.F. Geoge & P.D 
Sherrington (England, U.K. Exegeties Ltd.) 
Mitra, A., Khan, B. and Rawal, S., 1998. Rapid in vitro 
multiplication of plants from mature nodal explants of 
Catharanthus roseus; Planta Medica., 64(4): 390. 
Mohan, J., Kumar, V.V., Aparna, V. and Vaidya, R.P., 2000. 
Somatic embryogenesis and plant regeneration in Tribulus 
terrestris L; Phytomorphology, 50(3&4): 307-3 11. 
Mslkita, W., Skirrin, R.M., Jiwik, J.A., Splittstoesser, W.E. 
and Ali, N., 1990. Regeneration and flowering in vitro of 
"Burpless Hybrid" cucumber cultured from excised seeds; 
Hort. Sci., 25: 474-477. 
Mujib, A., Das, S., Dey, S. and Bhattacharya, B., 1995. 
Influence of agitation in in vitro cultivation of Catharanthus 
roseus (L.) G. Don Multiple shoot; Phytomorphology, 
45(3&4): 239-245. 
Murashige, T. and Skoog, F., 1962. A revised medium for rapid 
growth and bioassays with tobacco tissue cultures; Physiol. 
PL, 15:73-497. 
Muthuraman, G., Brinda, P. and Lokeswari, T.S., 1998. In vitro 
propagation of Scoparia dulcis Linn., a medicinal herb. 
BIBLIOGRAPHY 
National conference on Recent Trends in Spices and 
Medicinal Plant Research, Calcutta, 2-4 April. 
O'Dowd, N. and Richardson, D.H., 1993. In vitro organogenesis 
of Ephedra; Phytomorphology, 43(1&2): 19-24. 
Paul, N.K. and Ghosh, P.D., 1986. In vitro selection of NaCl 
tolerant cultures in Oryza sativa; Curr. Sci., 55: 568-569. 
Peters, A.J.M., Gerads, W., Barendse, G.W.M. and Wullems, 
G.J., 1991. In vitro flower bud formation in 
tobacco:interaction of hormones; PI. Physiol., 97: 402-408. 
Rains, D.W., 1989. Plant tissue and protoplast culture; application 
to stress physiology and biochemistry; In Plants Under 
Stress: Biochemistry, Physiology and Ecology and their 
Application to Plant Improvement; pp 181-196 eds. H.C. 
Jones, T.J. flowers and M.B. Jones (Cambridge, 
University. Press) 
Ramawat, K.G., Bhansali, R.R. and Arya, H.C. 1977. 
Differentiation in Crotolaria callus cultures; 
Phytomorphology, 27: 303-307. 
Remeshree, A.B., Hariharan, M. and Unnikrishnan, K., 1994. 
Micropropagation and callus induction of Aristolochia 
bracteolata LAM. A medicinal plant; Phytomorphology, 44 
(3«&4): 247- 252. 
Remeshree, A.B., Hariharan, M. and Unnikrishnan, K., 1997. 
In vitro organogenesis in Aristolochia indica (L.); 
Phytomorphology, 47 (2): 161-165. 
Sahoo, Y. and Chand, P.K., 1998. In vitro multiplication of a 
medicinal herb. Tridax procumbens L. (Mexcan daisy, 
coatbuttons). Influence of explanting season, growth 
regulator synergy, culture passage and planting substrate; 
Phytomorphology, 48 (2): 195-205. 
r.4 
BIBLIOGRAPHY 
Sarma, D., Sarma, S., and Baruah, A., 1999. Micropropagation 
and in vitro flowering of Rauvolfia tetraphylla; a potent 
source of anti- hypertension drugs; Planta Med., 65(3): 277-
278. 
Scorza, R., 1982. In vitro flowering IN; J.Jainick (Ed.). Horti. 
Rev., 4: 106-127. 
Shahzad, A., Hasan, H. and Siddiqui, S.A., 1999. Callus 
induction and regeneration in Solanum nigrum L. in vitro; 
Phytomorphology, 49(2): 215- 220. 
Sharma, S.K. and Dhiman, R.C., 1998. In vitro clonal 
propagation of Fi hybrid of Paulownia {P.fortunei x 
P.tomentosa); Phytomorphology, 48(2): 167-172. 
Shevade, A and Preece, J.E., 1993. In vitro shoot and floral 
organogenesis from stamen explant from Rhododendron PJM 
group clone; Scientia Hort., 56: 163-170. 
Shevade, A., Sharma, R. and Verma, R.C., 1997. In vitro 
flowering in colchitetraploid Phlox drummondii; 
Phytomorphology, 47(2): 173-175. 
*Skoog, F. and Miller, C , 1957. Chemical regulation of growth 
and organ formation in plant tissue culture; Biological 
Action of growth substances, l l " ' symp. USA, pp 118-130 
ed. H.K. Parter (New York USA, Academic Press). 
Staniiova, M.I., Ilchova, V.P. and Zagorska, N.A., 1994. 
Morphogenetic potential and in vitro micropropagation of 
endangered plant species Leucojum aestivum L. and Lilium 
rhodopaeum Delip. Plant Cell Reports. Berlin, W. Ger; 
Springer International, 13(8): p. 451-453. 
BIBLIOGRAPHY 
*Tabata, M., 1977. Recent advances in the production of 
medicinal substances by plant cell cultures; In plant tissue 
culture and its biotechnological application; 3-16 eds W. 
Barz, E. Rein hard and M.L.T. Zenk (New York, U.S.A. 
Springer Veriage). 
*Tal, M., 1984. Physiological genetics of salt resistance in higher 
plants; studies on the level of the whole plant and isolated 
organs, tissues and cells; In salinity tolerance in plants; 
strategies for crop improvement; pp 301-320. eds. R.C. 
Staples & G.H. Toenniessen (New York, U.S.A. John Wiley 
& Sans). 
Tawfik, A.A., 1997. In vitro selection for salt tolerance of 
rosemary {Rosemarinus officinalis L.), 28"" International 
symposium on Essential oils. Eskisehir, Turkey, 1-3 
September. 
Tejavathi , D.H. and Shailaja, K.S., 1999. Regeneration of plants 
from the cultures of Bacopa monniera (L.) Fennell; 
Phytomorphology, 49(4): 447-452. 
Thorpe, T.A., 1978. Physiological 8c biochemical respects. In 
frontiers of plant of tissue culture; pp. 49-58 ed. T.A. 
Thorpe (Colgany, Canada, University of Colgany Printing 
service). 
Thorpe, T.A., 1980. Organogenesis in viiro; Structural, 
Physiological and Biochemical aspects, Int. Rev. Cytol. 
Suppl., 114: 71-118. 
Tiwari , V., Tiwari , K.N., and Singh, B.D., 2000. Suitability of 
liquid cultures in vitro multiplication of Bacopa monniera 
(L.) Wettst; Phytomorphology, 50(3&4): 337-342. 
Tyagi, P., and Kothari , S.L., 1997. Micropropagation of 
Capparis decidua through in vitro shoot proliferation of 
M-, 
BffiLIOGRAPHY 
nodal explants of mature tree and seedling explants; 
Jour.Pl.Biochem. Biotech., 6(1): 19-23. 
Tyagi, R.K. and Rangaswamy, N.S., 1997. In vitro induction and 
collection for the salt tolerance in soil seed Brassicas and 
regeneration of the salt tolerant somaclones; 
Phytomorphology, 47 (2): 209-220. 
Usha, R. and Swamy, P.M., 1995. Enhancement of organogenesis 
by manipulating the medium and growth regulators in 
Artemisia pollens; Phytomorphology, 44(1-2): 65-69. 
Usha, R. and Swamy, P.M., 1998. In vitro micropropagation 
sweet worm wood (Artemisia annua L.); Phytomorphology, 
48(2): 149-154. 
Venkatesham, G. and Reddy, T.P., 1996. Multiple shoot bud 
induction and somatic embryogenesis from immature leaves 
of niger Guizotia abyssinica (CAAS); Phytomorphology, 
46(4): 343-344. 
Vincent, K.A., Har iha ran , M. and Mathew, K.M., 1992. 
Embryogenesis and plantlet formation in tissue culture of 
Kaempferia galanga L.- A medicinal plant; 
Phytomorphology, 42(3&4): 253-256. 
'Originals not seen 
%\ DS-32 3^1 h 
LniveT:S>^l< 
ft? 
